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Final Report: ~ky ].buntain Project Main Spillway Hydraulic r.txlel Studies. 
I. Introduction 
The Rocky M:>untain Project (RMP) is a pro.posed pun:ped storage 
hydroelectric power developrent located sare 10 miles northwest of the 
city of Rare, Georgia.. It will be a part of the Georgia PCMer canpany 
System. 
The project is a pure pumped storage develop:rent in which three 
reversible punp turbines will punp water fran a lCMer operating pool 
into an upper reservoir during pericrls of lOW' system load, and in which 
power will be generated to satisfy peak pa.ver demands. 
The lower reservoir will be created by neans of a man-made inp::>und-
ment in the Heath Creek valley, a small stream with a watershed of less 
than 20 square miles drainage area. The laver reservoir provides for 
adequate storage to operate the project at de:pendable capacity. The 
impoundrrent structure contains an emergency spillway which will be 
capable of discharging the "probable :maximum flood" (PMF) for that 
watershed. The pro.posed spillway is a three-bay structure with each 
bay provided with tainter gates. 
The design, design verification, and design roodification of the 
en:ergency spillway are subjected to careful study and review. In this 
context, Southern canpany Services, Incoqx>rated, of Binningham, 
Alabama, contracted with the Georgia Institute of Teclmology to build 
and test a hydraulic m:xlel of the spillway fran the lc:Mer reservoir. 
In the context of this contract the designation "~ky ].buntain Project 
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Main Spillway" was used. The liaison with Southern canpany Services 
was carried out through Mr. G. B. Dougherty. The principal investigator 
was Dr. P. G. Mayer, Regents' Professor of Civil Engineering, Georgia 
Institute of Tedmology. 
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II. Purpose and Scope 
The design of any errergency spillway incorporates provisions for 
passing rnaxinrum flood discharges and for the dissipation of excess 
kinetic energy in the downstream channel. 
For the p'l.li"p)se of design and for design verification, a hydraulic 
rrodel was built and tested. The rrodel tests were specifically directed 
toward a spillway design which can acccmJdate discharges including the 
"probable IllC\Ximum flood 11 (P.MF) and which provides for adequate energy 
dissipation. 
The scope of the tests was to develop or verify design infonnation 
for 
a. end pier and interior pier shapes and locations, 
b. spillway bay widths, 
c. stop log slot locations, 
d. flip bucket gearetry, and 
e. wingwall gearetry. 
In addition, the perfornance of the spillway and flip bucket type 
dissipater were to be tested in order to 
f. obtain spillway rating curves for gated and tmgated discharges, 
g. obtain nappe profiles, 
h. define flow patterns in the dissipater, 
i. obtain velocity distributions in the downstream channel, 
j . define potential scour patterns. 
The rrodel test data were to be forwarded pranptly to Mr. Dougherty 
for review and canrent with requests for further instruction, as required. 
All test results were to be submitted in scope of the hydraulic rrodel 
tests, any rrodification of the rrodel, or any other \\Ork was to be tmder-
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taken only by mutual agreenent and by extension of the present contract. 
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III. The Hydraulic .M:rlel 
In m:xleling the Main Spillway of the Rocky ~tain Project, both 
gearetrical and dynamical similitude requirercents were considered. It 
was agreed that dynamical similittrle was based on the Frome criterion, 
that viscous effects can be neglected, and that surface tension effects 
can be minimized by the use of a sufficiently large scale hydraulic 
rrodel. 
A 1:40 scale m:rlel of the Rocky M:mntain Project (RMP} Main 
Spillway was built according to specifications provided by Southem 
Canpany Services, Inc. The m:xlel was arranged to allCM for considerable 
flexibility. The ogee section and the piers were made of plastics. 
The various pier sha:pes were made also of plastics and other sui table 
materials. The wingwalls were made of wcx::rl. The flip bucket was made 
of appropriately shaped sheet rretal supported on plastic ribs. The bucket 
end sills were made of wcx::rl. 
The m:rlel was inserted into a 66' X 24' basin. The m:rlel basin 
was divided into three canpart::nents. One was a forebay in which the 
approach floor was m:rlified by stilling devices and by a portion of 
the valley topography. The forebay was termi.nated by a water tight 
bulk head which also contained the spillway rrodel. The next portion 
of the basin was a rrovable bed m::rlel which was shaped to reflect the 
valley topography. The m:rlel basin was tenninated by an adjustable 
weir for tailwater control. 
Water for rrodel operation was obtained fran the laboratory's 
floor channel system. '1\vo centrifugal ptnnps of three cubic feet per 
second capacity each discharged through valve-controlled six-inch pipe 
lines into the forebay. calibrated elbow rreters were used to set 
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appropriate flo;v rates. Water surface elevations were measured through-
out the m::rlel basin by a precision point gage nounted on a transverse 
instrtment bridge which in turn could be n:oved longitudinally on a level 
track. Velocities were detennined by the use of a midget current neter 
and by dye streaks, where appropriate. Photographic records were made 
of mcxlel details as well as sa:re of the m:rlel performances. 
Figure 1 shCMS a scha:natic of the lalx>rato:ry arrangem:mt, Figure 2 
shows an aerial view of the hydraulic model basin, and Figure 3 shaNs an 
oblique close-up view of the RMP spillway m:xlel. 
Before camencing with the various test programs efforts were made 
to obtain appropriate approach flow conditions in the head bay. Wire-
rresh fencing and 'VJO<Xlen baffles were used for that pu:r,pose. Subsequently, 
dye-streak observations and velocity rreasurenents were made to verify 
the approach flo;v conditions. During this pre-test phase, flow 
rreter calibrations and point gage calibrations were carried out in order 
to guarantee both reproducible flCM" rates through the m:xlel as well as 
accurate water level detenninations. 
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N. Procedures and Test Results - Preliminary M:rlels 
The 1:40 scale hydraulic m:::xiel was tested. in ~ stages. First, 
perfonnance infonmtion was developed for the spillway and subsequently, 
infonnation was developed for the flip bucket type energy dissipater. 
The m:rlel was operated to satisfy the Froude Law of dynamic s.imili tude, 
~ /gL. Accordingly, in the 1:40 scale m:rlel the following relationships 
were used: 
scale ratio 1:40 
velocity ratio (1:40) 112 = 1:6.32 
discharge ratio (1:40) 5/ 2 = 1:10,120 
These ratios were used. to convert prototype requirerrents into laboratory 
d.inensions and to oonvert laboratory rreasurerrents into prototype quanti ties. 
The Spillway Test Sequences. Originally, the spillway nodel was 
built to contain three 32.5-foot wide bays. The "original" roodel was 
alternately provided with twelve different canbinations of end piers, 
interior piers, and pier locations. These oonfigurations were designated 
as spillway .M:x:lel I through M:rlel XII. As a culmination of these efforts 
an "optimum" pier configuration was selected. Also the m:::xiel tests 
established that 30-foot wide bays were sufficient to acccm:::rlate the 
Pt:F. A "final" Mcxlel XIII was built for verification tests. .M:rlel 
XIII contained the optinn..:m pier shapes, 30-foot wide bays, and 25-foot 
radius tainter gates. 
For each canbination of pier gearetry and bay width a series of 
ungated flows were discharged. over the spillway m::x:lels in order to 
obtain head-discharge relationships. The discharges ranged fran lCM 
flows to the PHF of 60, 000 cfs. For selected roodels, nappe water 
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surface profiles were also determined. For all rrodels, flow patterns 
\'Jere observed; flow separation, air-entrainment, lift-off, and other 
undesirable oondi tions were carefully noted. Each of the test sequences 
usually suggested further refinerrents in the spillway gearetry, leading 
finally to Mbdel XIII. 
Details of the vertical spillway cross section are shown in Figure 4. 
A typical horizontal cross section is shown in Figure 5. As shown in 
Figure 5 the end piers were usually rra.de flush with the upstream end of 
the overflow section or were made to extend into the reservoir. The 
interior piers were usually placed at the spillway crest approxiroa.tely 
six feet fran the upstream end. The interior piers v.1ere typically eight 
feet wide. Water surface profiles were rreasured in each ba.y at various 
rates of flow. The locations of the rreasuring stations are shown in Figure 6. 
In the following paragraphs the gearetry of each spillway rrodel is 
described and test results are presented. 
:M:xlel I. .M:x:lel I was characterized by three 32. 5-foot wide spillway 
bays, by semi -circular end piers and by triangular interior piers. 
Figure 7 shCMS the gearetry: the 8-foot radius, semi -circular end piers 
extended into the reservoir and the triangular interior piers located 
at the spillway crest. The details of the triangular interior piers 
are shown in Figure 8 • 
.M:x:lel I was run through its paces in order to obtain infonna.tion 
on head-discharge relationships and nappe water surface profiles. The 
head-discharge relationship or spillway rating for Mbdel I is listed in 
Table 1, and is presented graphically in Figure 9. For the purpose of 
the water surface profile detenninations each of the three bays was 
-9-
investigated along five longitudinal sections as shown in the definition 
sketch in Figure 6. The water surface was determined in each section at 
ten rreasuring stations. For the spillway M::>del I the rreasurerrents were 
made with discharges of 40,000, 50,000, 60,000, 60,700 and 69,000 cubic 
feet per second. The correspondence between the tabular listing of the 
test data and the graphical presentation is indicated belav: 
40,000 cfs Table 2 Figures 10, 11, 12 
50,000 Table 3 Figures 13, 14, 15 
60,000 Table 4 Figures 16, 17, 18 
60,700 Table 5 Figures 19, 20, 21 
69,000 Table 6 Figures 22, 23, 24 
All test results are presented in prototype dimensions. In general, 
the laboratory tests shCMed that the spillway perfonred in a satisfactory 
way as far as could be judged by the absence of flav separation from the 
end walls, and by the absence of lift-off from the surface of the spillway. 
M:xiel II . M::xiel II was characterized again by 32. 5-foot wide bays 
and by 8-foot wide interior piers. The end piers were the sane as in 
M:xiel I: 8-foot radius, semi -circular with 4-foot radii and were located 
at the spillway crest. Figure 25 shows the details of the interior 
pie:ts. 
The spillway rating for Mbdel II is listed in Table 7, and is pre-
sented graphically in Figure 2 6. The water surface data were collected 
for flav rates of 36,400, 47,000, 57,100 and 66,500 cubic feet per 
second. These data are listed and presented graphically as indicated 
on the next page: 
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36,000 cfs Table 8 
47,000 Table 9 
57,100 Table 10 
66,500 Table 11 
Figures 27, 28, 29 
Figures 30, 31, 32 
Figures 33, 34, 35 
Figures 36, 37, 38 
.M:rlel III. In Model III semi-circular interior piers with a 
4-foot radius were canbined with 4-foot radius quarter-circle end piers. 
The end piers were set flush with the upstream face of the non-overflow 
section, and the interior piers were located at the spillway crest. 
Figure 39 shows a plan view of MJdel III, and Figure 25 shows details 
of the interior piers (sa:rre as M:rlel II.) 
The spillway rating for Model III is presented in Table 12 and in 
Figure 40. ~\later surface profiles were rreasured at flow rates of 
37,200, 48,000, 57,600, 66,500 and 69,600 cubic feet per second. These 
















41, 42, 43 
44, 45, 46 
47, 48, 49 
50, 51, 52 
53, 54, 55 
M:rlel IV. M:rlel IV was essentially identical to M:xlel III ex-
cept that in ].bdel III, the stop log slots had been ani tted in the end 
piers. Thus, Figure 39 is also appropriate to Model IV. For lvbdel 
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IV, the rating data are presented in Table 18. 
Model V. M:xiel V was characterized by quarter-circular end piers 
and by blunt triangular interior piers located at the spillway crest. 
Figure 56 shows the plan vitSW" of M::rl.el V. Figure 57 shcMs the details 
of the interior pier. Table 19 presents the spillway rating data for 
M:xiel v. 
lvt:rlel VI. Model VI catbined quarter-circular end piers (M:rlels 
III, IV, and V) with the triangular interior piers of M:xlel I. The spill-
way rating data are presented in Table 20. 
Model VII. M:xiel VII was identical to M:rlel V except that the base 
of the blnnt triangular interior piers was reduced fran 8 feet to 7 feet 
in order to reduce the lateral separation of the spillway jets. Figure 57 
shows the details of the interior pier. Table 21 lists the spillway 
rating data for Model VII. 
M:xiel VIII. :r.t:x:lel VIII was built according to instructions fran 
scs. It was characterized by blunt triangular interior piers and by 
nearly triangular end piers. Details of the interior piers are shown 
in Figure 58, and details of the end piers are shown in Figure 59. 
The spillway rating data are shown in Table 22. 
M:xiel IX. Rather severe flow separation at the end piers suggested 
a rounding-off of the end piers by adding a curved piece of sheet rretal 
to M:rlel VIII. Details of the end pier of Model IX are shc:Mn in Figure 60. 
The rating data for Model IX are given in Table 23. 
t-t:xlel X. A further improverrent to the spillway m:::>del was the 
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addition of bullet-shaped interior piers to M::xlel IX. Details of the 
interior pier are shown in Figure 61.. The spillway rating data are 
presented in Table 24. 
M::xlel XI. The bullet-shaped interior piers of M::xlels IX and X 
were retained. The end piers of M::xlels IX and ~ were rrore carefully 
constructed by using plastic pi:pe sections.. Model XI was thus identical 
to M:xlel X except that a rrore permanent construction was used in the 
fabrication of the end piers. The head discharge data are presented 
in Table 25. 
M:Xlel XII. In Model XII the double-curvature end piers of 
M::xlel XI were retained.. The interior piers -were constructed according 
to SCS specifications. Figure 62 shCMS details of the interior piers of 
Model XII. The head-discharge data are given in Table 26.. Water 
surface profiles were measured on this spillway model for flow rates of 
63,700 and 70 ,600 cubic feet per second. These data are listed and 





Figures 63, 64, 65 
M:>del XIII. A review of test results on MJdels I through XII 
indicated that the optinrum pier shapes were bullet-shaped interior piers 
(Figure 61) and double-curvature end piers (Figure 60). For a probable 
maximum flood (PMF) of same 60,000 cfs, the tests also indicated that the 
required bay width was 30 feet for each of the three bays. .Mod.el XIII 
was built to include the optimum pier shapes, 30-foot bay widths, and 
25-foot radius tainter gates. The "Final" mc:xlel was thus the culmination 
of a rather lengthy process of experirrentation. All subsequent laboratory 
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tests were conducted on 1-b:lel XIII. 
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V. Test Results - The 11Final" :M:xlel 
M:.Jdel XIII, or the "Final 11 m::x:lel, was investigated and tested in a 
number of ways and for a number of purposes. The results reported in 
this chapter :pertain to 
a. 1.mgated spillway discharge capacity tests, 
b. gated spillway capacity tests, 
c. delineation of hyste:r:esis be'bNeen gated discharges 
(partially open tainter gates) and ungated discharges 
(free-fla.ving spillway discharge), 
d. flip bucket energy dissipater experiments, 
e. velocities and notion patterns in the tailrace, and 
f. scour patte:r:ns da,.mstream fran the energy dissipater. 
The details of the end piers and the interior piers of the "Final" 
m::xlel are sha,.m in Figure 66, a plan view of the spillway is shown in 
Figure 67, and an elevation view as shown in Figure 68 includes the tainter 
gate. 
Ungated Spillway Capacities. The initial test sequence was carried 
out in order to verify the head-discharge relationships postulated for the 
"Final" rrodel with its 30-foot wide spillway bays. This work was carried 
out in three stages with emphasis on high discharges, then la.v discharges, 
and then additional free-flaving data was gathered during the hysteresis 
study. Table 29 shavs the head-discharge relationships for flo.vs in excess of 
30,000 cubic feet per second. For flo.vs of same 40,700 cfs and 60,000 cfs 
rreasurerrents of the water surface profiles were made. Thus, Table 30 
lists the water surface elevations for 40, 700 cfs, and Table 31 lists the 
elevations for 60,000. The corresponding profiles are plotted in 
Figures 69, 70 and 71 for spillway bays No. 1, 2, and 3, respectively, for 
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Q = 40,700, and in Figures 72, 73 and 74 for Q = 60,000 cubic feet per 
second. 
For a better definition of the head-discharge relationship at low 
flows a different lalx>ratory set-up was required. Thus, a separate 
pump-rreter system was calibrated and installed. The system consisted 
of a centrifugal pump, two-inch diarreter PVC piping, a valve and an 
elbow :rreter. 
A series of tests were then conducted to define the spillway rating 
at low heads under free overflow conditions. Table 32 shows a stmmrry 
of the tests for ungated flows at rates less than 15,000 cubic feet per 
second. The rating curve is presented in Figure 75. 
Additional head-discharge data for free overflow conditions were 
obtained during the hysteresis studies described below. These data could 
be included in the spillway rating curve for ungated flows. The rating 
curve for the Lower Reservoir Main Spillway for ungated flows is sh()\.\111 
in Figure 76. The rating curve is given in proto-elevation in Lake <Xonee 
versus spillway discharge capacity in cubic feet }';>Err second. 
Hysteresis Study. The spillway discharges may be controlled by 
proper o:peration of the tainter gates. These gated discharges are useful 
in the o:peration of the lower reservoir. HCMever, there are no definite 
l.imits to the spillway operation as an overflow structure and the spillway 
o:peration for gated discharges. The tainter gates are not designed for 
overflow conditions. 
There exist regions of hysteresis in the head-discharge relationships 
for gated discharges. Typical! y, during rising discharges and with the 
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gate positions fixed the accelerating flow patterns result in water 
surface draw-dcw.ns. This draw-down results in free flowing (mgated) 
spillway discharges which result fran the sarre reservoir level when the 
tainter gates are subrrerged. This latter relationship (gated flow) 
persists longer during falling discharges when the gates are subrrerged 
and no appreciable water surface draw-dCMn takes place. 
In the laboratory, a series of tests -were conducted to delineate 
typical regions of hysteresis for the IDwer Reservoir Main Spillway. 
For this purpose the three tainter gates were preset to certain gate 
openings. Then, the flow rates were first incra:rentally changed to 
establish carefully the conditions of reservoir elevation and spillway 
discharge at which the free overflows would be changed into gate-controlled 
discharges. Subsequently, the flOYls would be diminished by sma.ll 
decrement in order to establish the prevailing conditions at which the 
gate controlled flows VJOuld be changed to free overflow conditions. Thus, 
test sequences were conducted both for rising discharges and for falling 
discharges. The gate openings for which these regions of hysteresis -were 
established -were 20 feet, 15 feet, 10 feet and 5 feet. 
The laboratory data were organized into tables and a graph to 
delineate the areas of hysteresis as observed in the hydraulic m::x:lel. 
Thus, Table 33 shows the laboratory results for rising discharges when the 
gate opening was 20 feet. Table 34 sh<::M's the results for the sarre 20-foot 
gate opening for both the conditions of rising discharges and the conditions 
of falling discharges. The test results for 15-foot gate openings are 
shown in Table 35, for 10-foot gate openings in Table 36, and for 5-foot 
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gate openings in Table 37. Sene of the tabulated data indicate that the 
tainter gates vvere overtopped before an equilibrium condition could be 
obtained. A canposi te of the test data is presented in graphical fonn 
in Figure 77 . The conditions at which the tainter gates became sul::Jrerged 
during rising discharges and became unsul:merged during falling discharges 
are indicated in Figure 76. 
Gate Controlled Flows. Gate controlled flows are discharges fran 
partially open tainter gates. For the nornal operation of the I.aYer 
Reservoir of the Rcx::ky ~untain Project, progranned releases from the 
reservoir require prior knowledge of the head-discharge relationships for 
gate controlled spillway discharges. For this purpose, a sequence of tests 
vvere conducted to establish ratings for gate controlled flCMS. The test 
results are presented in tables. A surmary of the ratings for discharges 
fran partially open tainter gates is presented in Figure 77. 
The tainter gates of the L<:Mer Reservoir spillway are to be operated 
by :rreans of piston-driven ratchets. At the initial gate n:over:rents fran a 
closed position, the gates travel in 8-inch increrrents. Thus, ratings 
vvere obtained beginning with 8-inch increrrents although later on even-foot 
increrrents vvere used in the m:xlel tests, and the results can be interpolated 
fairly accurately for inte:rmittent gate openings. It should be noted also 
that in view of the 1: 40 rrodel scale and in vievt of sare inevitable leakage 
fran the :rcodel basin the test data for minimal gate openings are correspon-
ingly less exact than data obtained at higher m:x:lel flows. In the surmary 
graph in Figure 77 the ratings for minimal gate openings have been adjusted 
in order to more appropriately reflect actual head-discharge relationships. 
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The test results in the following tables corresp:md to actual data. 
Since the spillway consists of three 30-foot wide bays, the gate 
openings are coded for each test sequence. For exanple, gate openings 
of 0-5-0 designated that the tainter gates in Bays No. 1 and No. 3 were 
closed and that the gate in Bay No. 2 was tested with a gate opening of 
five feet. A surrmary of the test conditions is presented oolow. 
Surrmary of Ratings of 
Gate Controlled Flows 
Table Number Gate Openings 
38 0 - 8 - 0 (inches) 
39 8 - 8 - 8 (inches 
40 16 - 16 - 16 (inches) 
41 0 - 24 - 0 (inches) 
42 0- 32- 0 (inches) 
43 0 - 48 - 0 (inches) 
44 0 - 4 - 0 (feet) 
45 0 - 5 - 0 (feet) 
46 1 - 5 - 1 (feet) 
47 2 - 5 - 2 (feet) 
48 3 - 5 - 3 (feet) 
49 4 - 5 - 4 (feet) 
50 5 - 5 - 5 (feet) 
51 10 - 10 - 10 (feet) 
52 15 - 15 - 15 (feet) 
53 20-- 20- 20 (feet) 
At large gate openings there was considerable eddying notion adjacent 
to the piers and intermittent air entrai.nnent. Although the laboratory 
observations precluded such verifications the unsteady nature of gated 
discharges at gate openings of 15 feet, and larger, may result in 
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undesirable gate vibrations. Also, in the lal:x:>ratory with its limited 
storage capacity in the nroel reservoir the gates were often overtopped. 
after relatively sma.ll increments in discharges. The tests were 
tenni.nated when overtopping occurred. 
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VI. The Energy Dissipater 
The design of spillways for adequate energency discharges is 
paranount to sound engineering practice. As the discharges proceed 
over the spillway into the valley bela.v the dam, very high velocities 
develop and sare fo:rm of energy dissipater is necessary to prevent the 
occurrence of excessive scour and scour damage. In the Rocky .Moootain 
Project a bucket type dissipater was proposed which will project the 
high velocity spillway discharge into the tailrace sare distance down-
stream from the toe of the spillway. Depending on the thickness of 
the overburden in the tailrace and depending on the soundness of the 
underlying bedrock the water issuing fran the spillway will create a 
scour hole in the tailrace. Ultima.tely, a condition of equilibrium is 
reached in which no further scour takes place and ma.terials entrained 
in the scour hole are deposited on its slopes and subsequently slide 
back to the oottan. 
The location and size of the scour hole depends also on the 
gearetry of the bucket type energy dissipater and on the prevailing 
tailwater elevations. The tailwater conditions are particularly 
ilnfx:>rtant since the energy dissipation can be greatly assisted by a 
hydraulic junp. At any rate, pools at the toe of the spillway ma.y 
endanger the structure, the guidewalls and possibly the ernbank:ments. 
Hydraulic m::rlel studies were carried out to provide design infonnation 
for the bucket type energy dissipater, for the guidewalls, and to check 
for the dissipater's effectiveness. Velocity distributions were rreasured 
in the tailrace. The rrovable bed m:x:lel basin was also sui ted to provide 
infonnation on scour patterns in the tailrace and at the earth embankrrent 
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to the left (north side) of the spillway. 
The m:rlel had been built to allarv for a nurriber of changes in the 
bucket gearetry and in the guidewall gearetry. The initial tests were 
made with a 35-foot radius bucket. The bucket invert elevation was at 
635 feet. The guidewalls were flared at 5 degrees. later on, the bucket 
was set at an invert elevation of 630 feet, and a variety of bucket 
gearetries and guidewall gearetries were investigated.. A smmary of the 
test conditions are listed in Table 54. 
The initial test series were made with the bucket dissipater with 
its invert at 635 feet, with an exit angle of 45 degrees, with an exit 
lip elevation of 646 feet, and with a flare angle of 5 degrees. A 
vertical view of the dissipater is shown in Figure 78, a horizontal view 
is shown in Figure 79. In order to assess the perfonnance of the 
dissipater the height of the jet trajectory was rreasured, as was the 
impact distance downstream from the end of the bucket. The heights 
were reported relative to the bucket invert elevation of 635 feet. Two 
different heights were observed and recorded. A maximum height 
corresponded to the "rooster tail" effects and the minimum height 
corresponded to the areas in between the "rooster tails" There were two 
"rooster tails" in line with and downstream from the two interior spillway 
piers. Table 55 lists the perfonnance characteristics for the range of 
discharges investigated. 
Velocity distributions in the tailrace were also rreasured for 
spillway discharges of 30,000 and 60,000 cubic feet per second. The 
velocities were rreasured scree five feet belarv tailwater surface. The 
rreasuring stations are shown in the definition sketch of Figure 80. 
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Table 56 and Table 57 list the velocity distributions in feet per 
second (prototype). For these tests the flare angle was 7.5 degrees. 
Similar tests were carried. out with a m::xlified. bucket with an exit 
angle of 37.5 degrees, and with exit lip elevations of 642 feet and 646 
feet. The guidewall flare angle was ma.intained. at 7. 5 degrees. Figure 
81 shaHs the respective bucket georretries. Table 58 shows the bucket 
perfonnance characteristics for the range of spillway discharges 
investigated.. 
Velocity distributions in the tailrace were rreasured. for discharges 
of 30,000 and 60,000 cubic feet per second at exit lip elevations of 
642 feet and 646 feet, respectively. The velocities were rreasured. at 
stations as defined. in Figure SO and at five feet below the tailwater 
surface. Tables 59, 60, 61 and 62 list the velocity distributions in the 
tailrace for the above test conditions. 
Another bucket m::xlification was made in which the exit lip angle 
was 30 degrees. An elevation sketch is shCMn in Figure 82. The bucket 
perfonnance characteristics are listed. in Table 63. Velocity distributions 
in the tailrace -were obtained. for flows of 30 I 000 and 60 I 000 cubic feet 
per second and for exit lip elevations of 640 1 642, and 646 feet, respectively. 
The velocity distributions are listed in Tables 64 through 69. 
When the guidewall flare angle was changed. from 5 degrees to 7. 5 
degrees, no significant changes in flow patterns were observed. The 
relatively large residual velocities indicated. that a lowering of the 
bucket invert 'WOuld provide greater su.l:::xrergence of the bucket discharges 
and hence a concanitant increase of energy dissipation through the action 
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of the hydraulic j1.mp conditions. Also, the test results indicated. 
more favorable performance characteristics at lower exit lip angles. 
Subsequently, the bucket invert elevation was lowered to an elevation of 
630 feet and the bucket curvature was terminated at the invert and 
replaced. by rarrps of inclinations of 0, 10, 20, and 30 degrees. The 
tested gearretries are sha.vn in Figures 83, 84, and 85 for the lowered 
spillway bucket, and in Figures 86, 87, 88 and 89 for the ramped exit 
configurations. The "ramped" buckets were judged satisfactory even at 
an exit angle of zero degrees in which all of the energy dissi:pation was 
due to the hydraulic jurrp conditions. Best conditions were obtained with 
an invert elevation of 630 feet, with a ramp inclination of ten degrees, 
and with an exit lip elevation of 637 feet. The "best" conditions were 
judged on the basis that the "rooster tails" were confined within the 
guidewalls and that the hydraulic j1.mp occurred rrostly on the ramp and 
within the lengths of the guidewalls. 
The elevation of the guidewall was variously set at 655 feet, 665 
feet and 667 feet. At the lower elevations flow 'WOuld take place over 
the guidewalls whenever the tailwater elevation exceeded the height of 
the guidewalls. Although this crossflow seemed to assist the hydraulic 
j1.mp, there were indications at high spillway discharges that at the north 
earth errbankrrent strong return flow :patterns may cause erosional damage. 
Figure 90 shows an elevation sketch of the wingwalls. In later tests the 
wingwalls were maintained at an elevation of 667 feet which iNOuld elimi-
nate the crossflow over the wingwalls and 'WOuld reduce the danger of 
erosional damage to the north earth embank::m::mt. 
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Originally, the guidewall flare angles -were tested at 5 and 7. 5 
degrees in order to minimize the floo separations fran the walls under 
supercri tical floo conditions. However, it was observed that irrproved 
floo conditions in the stilling area downstream fran the end of the 
bucket and in the tailrace beyond was possible by a rrore rapid expansion 
of the guidewalls at the end of the bucket. 'Ihe :rrodel observations shooed 
that this rapid expansion in the rrostly subcri tical floo region enrouraged 
return floos at the edges along the guidewalls and that return floo 
patterns assisted in the formation of the hydraulic jump. 
A series of tests were then conducted in which a 10 degree ranp 
was flanked by guidewalls at an elevation of 667 feet. The wingwalls 
were flared 7. 5 degrees on the spillway and the change to a rrore. rapid 
flare angle took place at the end of the bucket ramp. 'Ihe tested wingwall 
gearetries are shaN:n in Figure 91 for continuous flare angle of 7.5 
degrees. Figure 92 shows a flare angle of 15 degrees in the guidewalls 
beyond the end of the bucket dissipater. Figure 93 shows a flare angle 
of 22.5 degrees, Figure 94 shoos a flare angle of 30 degrees and Figure 95 
shoos a flare angle of 30 degrees but with elongated guidewalls. The 
tests showed that "best11 results were obtained with a 30 degree flare 
angle and with elongated guidewalls. 
In order to quantitatively reinforce the above observations two 
series of tests were conducted. For these tests the ramp angle was 10 
. degrees, the guidewalls were at flare angles of 30 degrees and their 
heights at elevation 667 feet. Hooever, in one series the guidewalls 
were at the "original" length as shaN:n in Figure 94, and in the other 
test series the guidewalls were extended as shown in Figure 95. For the 
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test series water surface elevations were rreasured ooth inside the 
stilling basin and at the backsides of the guidewalls. When the water 
surface elevations reached the tailwater elevations the transition 
from supercritical to subcritical flow had essentially taken place. 
For the "original" length of guidewalls the test results are listed 
in Tables 70 for Q = 20,000 cfs, in Table 71 for Q = 30,000 cfs, in 
Table 73 for Q = 60,000 cfs. Except for highest discharges, the hydraulic 
jurrps occurred within the extent of the "original" guidewalls. At the 
PMF conditions of sare 60,000 cfs there were very strong return flow 
patterns along the north bank of the tailrace and on portions of the 
north earth errbankrnent. Scour dama.ge was apparent at the end of the 
north guidewall and at the adjacent toe of the north embank:n:ent. It 
then becarre obvious that an extension of the guidewall would rerrove 
the potentially scour-producing flow patterns further fran the north 
earth embankrrent. The flow patterns at the south bank of the tailrace 
were considerably different and no similar scour dama.ge was indicated. 
The guidewalls were then extended by approx.i.matel y 40 feet and the 
test sequences were then repeated. The water surface elevations were 
again rreasured at the indicated locations sene 20 feet fran the face of 
the walls. Negative distances are in feet upstream fran the end of the 
bucket, positive distances are rreasured in feet downstream fran the 
bucket and along the flared walls. The indication of N/A designates 
an inassessible position and the indication N .F. designates either 
insufficient depth of flow or rrodel velocities too low to be rreasured 
with a midget current rreter. The listed test results also show estinated 
wave height at the guidewalls and at the benks of the tailrace in the 
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proximity of the dissipator structure, and the degree of wave splash 
over the guidewalls. Table 7 4 lists the test results for a spillway 
discharge of 30,000 cfs and Table 75 lists test results for Q = 35,000 
cfs. Table 76 and Table 77 list test results for Q = 45,000 and 60,000 
cfs, res:pecti vel y. It should be noted that at higher discharges there 
are the significantly strong return flON patterns within the stilling 
basin which assist in the energy dissipation and which may also entrain 
bedload materials and carry them tov,;rard the dissipator bucket. In the 
laboratory m::xlel, hONever, any artificially introduced stone was in-
evitably transported daNnstream and no residual stones were found on the 
ramp after the tests were tenninated. 
Based on the above observations and rreasurerrents the performance 
characteristics of the bucket type energy dissipator seerred to perfo:rm 
satisfactorily. A further verification was obtained by rreasurerrents of 
velocities in the tailrace. The velocities were rreasured at stations as 
shown in Figure 80 and at elevations belON the tailwater surface as in-
dicated in the tables of results. Thus, Table 78 shONs the velocity 
distribution in the tailrace for a spillway discharge of 20, 000 cfs, 
Table 79 lists test results for Q = 30,000 cfs, Table 80 lists test 
results for Q = 45,000 cfs, and Table 81 lists test results for Q = 
60,000 cfs. 
For the maxirm.:ml flON rate of 60,000 cfs there was considerable 
scour damage at the end of the north guidewall. :Hc'Jwlever, in the laboratory 
m::xlel the wall was founded on erodible material and thus the observation 
may not be significant. No erosional damage occurred at the toe of the 
north earth ercbankrrent. Sare erosional damage was evident at both banks 
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in the tailrace when the PMF discharge was allowed to persist for an 
approxirna.te prototype tine of sore eight hours. The chan~el bed was 
subsequently reconstituted to conform to a flood plain elevation of 
640 feet and the sa.rre eight hour flood was allowed to scour in the 
tailrace of the erodible bed nodel. The resulting scour hole is shown 
in Figure 96. During this particular flood test sequence, the scour 
arotmd the end of the north guidewall did not tmdennine the wall even 
though it was again fotmded on erodible materials. The COITn'ellts in 
Table 81 on the tmdennining of the wingvlall pertained to an observation 
of scour dama.ge resulting fran "several" and prolonged 11probable 
maximum floods.'' 
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VII. Stnrmary and Conclusions 
This report represents the Final Report on Hydraulic M:xlel 
Studies for the !.£:Mer Reservoir Main Spillway of the Rocky .r.'buntain 
pumped storage hydroelectric project of the Georgia Power Conpany. 
The studies \Vere conducted under contract with the Southern Conpany 
Services, Incorporated, of Birmingham, Alabama.. 
The studies proceeded essentially in accordance with the itemized 
list of objectives as outlined in Chapter II, page 3, of this report. 
In the progress of the studies results were forwarded to Southern 
Services, saretimes with recc:rmendations and sareti.Ires with requests 
for additional instructions. While the m:x:lel studies were in progress 
site investigations and foundation explorations were also carried out 
by other parties. As a result of these specific site studies the 
location of the lower reservoir darn was noved which necessitated also 
changes in the lalx>ratory installation. 
The spillway gearetry was tested with sare thirteen different 
configurations. Eventually, a "final" spillway design evolved which was 
then thoroughly tested. The results of these tests are presented in 
Chapters IV for the prelilninary nroels, and in Chapter V for the "final" 
rrcdel. A significant result of the spillway crest m:x:leling was a 
reduction of the required bay widths of 33 feet for each of the three 
spillway openings to widths of 30 feet each. 
The choices leading up to the "final" rrodel were guided by btproved 
flew patterns on the spillway. These patterns desired included a 
lessening of flew separation fran the piers and a lessening of "lift off" 
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of the spillway discharges at large flows. The geometry of the piers 
for the spillway {rv:trlel XIII) is shown in Figures 66 and 67. Figure 68 
locates the tainter gate on the spillway and on the supporting piers. 
~Jater surface profiles were established for the spillway under 
various conditions of discharges. For the 11 final" spillway 1 the profiles 
are plotted in Figures 69 through 74. These test results are also listed 
in Tables 30 and 31. 
Ungated spillway discharges were investigated at different times 
for high rates of flow and for low rates of flow. The lower flow 
calibrations required a m:xlification of the m:::rl.el water supply system. 
The spillway discharge calibrations are presented in Tables 29 {high Q) 
and 32 {low Q) • 
After the tainter gates had been installed an extensive series of 
spillway calibrations were rrade for various gate openings at various 
rates of discharges. The gate OJ:)enings were always the normal distances 
be~ the spillway surface and the lip of the tainter gates. A given 
series of tests was terminated when one or rrore gates were topped by the 
rising reservoir water surface elevations. At the regions of flow 
between ungated spillway discharges and gate-controlled flows different 
relationships between reservoir elevations and discharge capacities were 
encountered during rising and falling floods. This condition of hysteresis 
was separately studied and reported in Chapter V 1 pages 15-17. A 
sunmary of test conditions for gated {or gate-controlled) discharges is 
found on page 18 of this report. A surrma.ry plot of all spillway discharge 
calibrations is presented in Figt:J.:re 77. The area of uncertainty {hysteresis) 
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is shaded. Figure 76 shows the conditions encountered in the lalx>ratory 
hysteresis studies. During the very lowest gate opening tests, an 
additional uncertainty regarding the actual lalx>ratory flow rates existed 
because of leakage fran the m:xlel. For this reason the lowest rating 
curves were dashed into the canprehensi ve plot of Figure 77. The 
reservoir elevations at which the gates were overtopped and at which a 
given test sequence was tenninated are also shown in Figure 77. 
A considerable effort was made to provide for adequate energy 
dissipation in the project by neans of a bucket type dissipater. A 
variety of georretries vvere investigated. A Sl.llmla.rY of the test g~tries 
is given in Table 54. Ultimately, the rrost satisfactory results were 
obtained when the bucket invert was lowered by five feet and when a ten 
degree ranp was placed at the terminal end of the dissipator. The ten 
degree ranp was tested with end lip elevations qf 637.5 feet and 640 feet 
with satisfactory results. An end lip elevation of alx>ut 637 feet may 
be satisfacto:ry to prevent debris fran the tailrace to be entrained onto 
the bucket type dissipator. During these tests the effectiveness of the 
dissipater was evaluated on the basis of the resulting flow patterns in 
the tailrace and on the basis of protection against scour at the north 
earth embankn:ent. 
The above design objectives were net when the guidewalls of the 
stilling basin were flared at an angle of 30 degrees fran the axial 
center line, when the height of the guidewalls were at the elevation 
associated with the tailwater elevation of the It'laXlinum flood (667 feet) , 
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and when the walls were extended sare 40 feet beyond the originally 
proposa:l d:irrension. Figure 95 presents a plan view of the recamended 
guidewall gearetry. 
The tailwater rating curve had been developed by personnel of 
Southern Services. In the rrodel tests this rating was used as a 
"nomi.naln rating curve. Invariably, the dissipator perfonnance was also 
tested at tailwater elevations sate two feet above the "nominal 11 water 
surface elevations and at two feet below the "nominal" elevations. At 
the higher elevation as well as at the lower elevations the dissipator 
perfonred satisfactorily. Naturally the higher tailwater elevations 
tended to provide additional dissipation as the jurrp was rroved nore onto 
the bucket ramp. The la,vered tailwater elevations had the opposite 
effect. However, within the ~foot margins investigated the dissipator 
perfonred well. The rrodel scale (1: 40) prevented the develop:rent of 
"white water. n The actual prototype perfonnance with its highly air-
entrained flavs will experience higher turbulence levels and greater 
energy dissipation which can be taken as an additional factor of safety. 
In the final experirrents the novable bed tailrace rrodel was 
investigated for potential scour patterns. The bed ma.terials were unifonn, 
non-cohesive, fine gravel of sare one-eighth inch in dia:rtEter. However, 
the correlation of the laboratory scour pattern and the pJtential scour 
in the tailrace of the Rocky _tJbuntain Project is not too well established. 
In the laboratory the ercrlible bed was scoured to a depth of sare 30 feet 
belav the nominal rock surface elevation in the tailrace. Even so, the 
toe of the earth eniba:n.krrent on the northside of the spillway was not scoured. 
-32-
Thus, it can be conclud.ed on the basis of the laboratory exper.iments 
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1:40 SCALE MODEL 
MODEL :xm, WATER SURFACE PROFILE 
BAY NO.3 
Q= 40,700 cfs 
Res. Ef. = 712·5' 
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0 10 20 
FIGURE 72. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
I= 40 SCALE MODEL 
LEGEND 
Sta. 1-0 





MODEL XJll , WATER SURFACE PROFILE 
BAY NO. I 
Q= 60,000 cfs 
Res. El. = 718·4' 
-104-
0 10 20 
FIGURE 73. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
I= 40 SCALE MODEL 
LEGEND 






MODEL Xlll, WATER SURFACE PROFILE 
BAY NO.2 
Q = 60,000 cfs 
Res. El. = 718·4' 
-105-
40 
0 10 20 
FIGURE 74. 
'ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1: 40 SCALE MODEL 
LEGEND 





MODEL XTII, WATER SURFACE PROFILE 
BAY NO.3 
Q = 60,000 cfs 














SPILLWAY MODEL XII[ 
LOW DISCHARGE RATING CURVE 
FOR UNGATED FLOWS 
2 4 6 8 10 12 14 16 
DISCHARGE { 1000 cfs ) 
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FIGURE 77. 
ROCKY MOUNTAIN PROJECT 
TAINTER GATE STUDY 
LOWER RESERVOIR, MAIN SPILLWAY 
1=40 SCALE MODEL 
FREE OVERFLOW AND GATED FLOW 
RATING CURVES 
690 1-------1-----1--




ROCKY MOUNTArN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1=40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
45° EXIT ANGLE 
INVERT ELEV. : 635
1 


















ROCKY MOUNTAlN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 
BUCKET TYPE DISSIPATOR WINGWALLS 
PLAN VIEW, 5° FLARE ANGLE 
-·~ 
-- -CREST + 
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FIGURE 80. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 


























ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
I: 40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
37·5° EXIT ANGLE 
INVERT ELEV. : 635' 




...__ ____ .-635' 
291 4' 
FIGURE 82. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
30° EXIT ANGLE 
INVERT ELEV.: 635' -








ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1=40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
45 o EXIT ANGLE 
INVERT ELEV. : 630' 









r..._ -'----EI.- 635' 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1=40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
37·5 o EXIT ANGLE 
INVERT ELEV. : 630' 
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FIGURE 85. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
I= 40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
30° EXIT ANGLE 
INVERT ELEV = 630' 







ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
0° RAMP ANGLE 
INVERT ELEV.- 630' 
EXIT LIP ELEV. - 630' 
-118-
R =35' 
57 ' 4' .j.oooc---
FIGURE 87. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
I: 40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
10° RAMP ANGLE 
INVERT ELEV. - 630
1 
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El. -642' 
L.- ---- E I.- 635' 
FIGURE 88. 
ROCKY MOUNTAIN PROJECT 
MAfN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
20° RAMP ANGLE 
INVERT ELEV.- 630' 
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FIGURE 89. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1=40 SCALE MODEL 
BUCKET TYPE DISSIPATOR 
30° RAMP ANGLE 
INVERT ELEV.- 630 1 
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FIGURE 90. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
I= 40 SCALE MODEL 
BUCKET TYPE DISSIPATOR WINGWALLS 











ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 
BUCKET TYPE DJSSIPATOR WINGWALLS 












ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
f:40 SCALE MODEL 
BUCKET TYPE DISSIPATOR WINGWALLS 







ROCKY MOUNTA~ PROJECT 
MAIN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 
BUCKET TYPE DISSIPATOR WINGWALLS 
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FIGURE 94. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
I: 40 SCALE MODEL 
BUCKET TYPE DISSIPATOR WINGWALLS 

















ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1=40 SCALE MODEL 
BUCKET TYPE DlSSIPATOR 
EXTENDED WINGWALLS 
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FIGURE 96. 
ROCKY MOUNTAIN PROJECT 
MAIN SPILLWAY MODEL STUDY 
1:40 SCALE MODEL 




R<Xl<Y ~ PROJECr 
LaVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Mbdel 1 
SPILLWAY RATING I UNGATED F.LC:W 


















































RCX:l<Y IDUNrAIN PRQJECT 
I.a\'ER RESERVOIR MAIN SPILLWAY 
1: 40 Scale Spillway M:xle1 1 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 710.8 ft. 
Flow over Spillway 40,000 cfs 
Water Surface Elevation, 
ft 1 2 3 4 
701.1 703.8 705.5 706.3 
699.8 702.3 704.0 705.1 
698.9 700.2 702.2 703.9 
696.8 698.1 700.0 702.6 
694.8 695.3 697.6 700.2 
692.0 692.3 694.4 696.7 
689.0 688.5 691.2 692.5 
685.7 684.2 687.3 687.4 
681.0 680.1 683.4 682.2 
676.8 675.0 678.6 676.8 
N/A N/A 673.6 N/A 
707.4 706.6 706.4 70 6. 6 
708.0 705.5 705.2 705.4 
705.8 704.2 703.6 704.0 
701.5 702.9 701.9 702.9 
697.6 700.5 699.6 700.7 
694.0 697.2 697.0 697.3 
690.0 693.5 693.9 693.3 
685.2 688.5 690.3 688.6 
679.8 683.4 687.1 683.5 
675.1 678.5 683.2 677.8 
N/A N/A 678.5 N/A 
707.1 706.2 705.3 703.6 
708.8 705.1 703.8 702.0 
706.6 703.7 702.0 700.0 
701.8 702.8 699.8 697.8 
697.8 700.5 697.3 695.2 
694.1 697.1 694.5 691.8 
690.3 692.8 690.9 688.7 
686.4 687.2 687.8 684.1 
681.7 681.9 683.5 679.4 
677.2 676.7 678.8 674.4 
N/A N/A 673.5 N/A 














































































ROCKY ~UJNTAIN PROJEL:r 
I1:MER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model 1 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 714.3 ft 
FlCM Over Spillway 50, 000 cfs 
Water Surface 
ft 1 2 3 
702.9 706.0 708.0 
701.8 704.3 706.5 
700.7 702.3 704.8 
699.1 700.3 702.7 
697.0 697.7 700.0 
694.6 694.5 697.3 
691.5 691.8 693.8 
687.7 687.8 691.4 
683.4 683.2 687.2 
679.8 678.9 682.4 
675.5 674.3 675.6 
710.5 709.6 709.5 
711.5 708.6 708.3 
709.5 707.2 706.8 
705.4 706.2 705.0 
701.3 704.0 702.9 
697.2 700.8 700.4 
693.8 697.2 697.7 
689.8 693.2 695.3 
685.3 687.6 692.0 
681.0 683.3 687.5 
675.0 677.5 683.8 
710.3 709.1 707.7 
712.3 708.0 706.2 
710.4 706.6 704.4 
705.4 705.9 702.4 
701.7 704.0 700.0 
697.6 700.5 697.2 
694.2 696.5 694.3 
690.4 691.4 690.8 
686.1 686.1 687.2 
682.2 680.8 683.2 


















































































































OCCKY MJUNTAIN PROJEI:'I' 
IiliER RESERVOIR MAIN SPILlWAY 
1:40 Scale Spillway Model 1 
SPILlWAY \VATER SURFACE SURVEY 
Reservoir Elevation 717.5 ft 
Flow over Spillway 60,000 cfs 
Water Surface 
ft 1 2 3 
703.3 707.9 710.2 
701.9 706.0 708.8 
700.5 703.9 706.8 
698.5 701.8 704.7 
697.5 699.4 702.4 
695.2 696.6 699.7 
691.5 693.3 696.9 
687.6 690.0 693.6 
683.9 685.5 690.3 
680.2 681.0 686.2 
675.5 675.8 681.3 
713.2 712.3 712.5 
714.0 711.3 711.1 
712.8 709.9 709.7 
708.1 708.6 707.9 
704.2 706.9 706.1 
700.6 704.2 703.8 
697.2 700.4 701.5 
692.8 696.6 698.6 
689.0 692.0 695.4 
684.2 687.0 692.6 
679.4 681.8 689.2 
712.9 711.7 709.9 
715.3 710.3 708.3 
713.2 709.2 706.2 
708.9 707.8 704.8 
704.6 707.1 702.4 
700.8 703.8 699.6 
697.0 699.6 696.9 
693.3 694.7 693.4 
689.4 690.1 690.8 
675.0 680.2 686.9 
680.2 679.4 681.2 














































































RXKY IDUNTAIN PRCUEr:T 
I.aVER RESERVOIR MAIN SPILlWAY 
1:40 Scale Spillway Model 1 
SPILLWAY WATER SURFACE SURVEY 
~nervo1r Elevation 717.6 ft 
Flow Over Spillway G0,700 cfs 
Water Surface 
ft 1 2 3 
704.2 708.2 711.1 
702.5 706.4 709.3 
701.7 704.5 707.2 
699.5 702.4 705.4 
697.9 699.7 701.6 
694.7 696.8 700.6 
692.2 693.8 697.6 
689.3 690.0 694.8 
685.4 687.8 691.5 
680.4 681.9 687.4 
675.8 677.4 682.3 
713.8 713.2 712.9 
714.7 712.0 711.9 
713.4 710.8 710.4 
708.4 709.2 708.7 
704.9 707.9 707.0 
701.0 705.0 704.4 
698.0 701.5 702.0 
694.1 679.4 699.4 
689.7 692.9 697.4 
685.3 688.2 693.4 
680.3 682.8 689.0 
713.7 712.3 710.4 
715.4 711.0 709.1 
714.0 710.0 707.2 
709.6 709.6 705.2 
705.3 707.6 702.9 
702.1 704.3 700.4 
698.2 700.8 697.4 
694.7 696.2 694.8 
690.7 690.2 691.9 
686.1 685.5 687.8 
681.4 680.2 682.5 














































































RCCKY MXJNTAIN P:ROJECI' 
I.£:MER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model 1 
SPII.J.WAY WATER SURFACE SURVEY 
Reservoir Elevation 720.0 ft 
Fl~v Over Spillway 69,000 cfs 
Water Surface 
ft 1 2 3 
705.2 709.8 712.5 
703.3 707.6 710.8 
702.5 705.6 709.0 
700.7 703.0 707.0 
698.8 700.7 704.3 
696.8 698.2 701.8 
692.4 695.1 699.0 
689.5 691.8 696.0 
684.8 687.9 692.5 
681.4 683.5 689.7 
N/A 681.5 685.1 
715.8 715.1 714.7 
718.0 714.0 713.6 
715.4 712.8 712.4 
712.2 711.5 710.9 
706.6 710.1 709.1 
703.7 707.3 706.9 
700.7 703.4 704.4 
696.4 699.8 702.0 
692.3 695.1 699.5 
688.7 691.8 696.2 
683.4 696.5 693.0 
715.6 714.3 712.4 
717.7 713.2 710.7 
715.6 711.9 708.8 
712.6 711.7 707.2 
707.9 709.7 705.0 
703.8 706.6 702.5 
700.5 702.8 700.1 
697.0 697.7 698.0 
692.8 693.7 694.7 
688.9 688.1 689.6 
683.7 683.3 683.3 






































RCX:l<Y M:>UNTAIN PRO.JECI' 
IaVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Mbdel II 
SPILLWAY RATI~, UNGATED FI..aV 















R!Xl<Y IDUNTAIN PROJECr 
LCMER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model II 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 710.8 ft 
Flow 0Jcr Spillway 36,400 cfs 
Distance Water Surface Elevation, ft 
from Crest, ft. 1 2 3 4 5 
0 700.5 704.1 705.6 706.5 708.8 
4 699.4 702.4 704.1 706.0 707.4 
8 698.3 700.5 702.4 704.4 703.8 
12 697.0 698.1 700.4 701.8 699.7 
16 694.6 695.5 698.1 698.3 695.8 
20 692.0 692.3 695.1 694.3 691.8 
24 689.0 688.8 691.7 690.7 688.0 
28 685.2 684.6 687.5 685.5 683.8 
32 681.1 679.8 682.7 680.6 678.8 
36 676.9 675.3 677.4 675.1 N/A 
40 N/A N/A N/A N/A N/A 
0 708.8 706.8 706.5 706.7 708.8 
4 707.4 706.3 705.3 706.2 707.6 
8 703.4 704.7 703.8 704.6 703.7 
12 699.5 702.2 702.0 701.9 699.6 
16 696.1 698.8 699.8 698.7 695.6 
20 692.2 695.3 697.6 695.6 691.7 
24 689.0 691.6 695.0 691.4 687.3 
28 684.7 687.0 691.4 686.7 683.1 
32 679.5 681.9 686.9 681.8 678.0 
36 674.3 676.8 681.6 676.4 N/A 
40 N/A N/A 675.8 N/A N/A 
0 708.9 706.5 705.4 703.6 700.3 
4 707.6 706.0 703.9 698.0 698.8 
8 703.7 704.2 702.2 700.2 697.5 
12 699.9 701.5 700.2 697.9 696.0 
16 696.8 698.1 698.2 695.3 693.8 
20 693.3 694.4 695.4 692.1 691.4 
24 689.4 690.3 691.4 688.6 687.9 
28 685.4 685.7 687.0 684.5 684.2 
32 680.8 680.8 678.6 679.8 680.0 
36 675.2 675.3 676.7 675.3 675.7 
40 N/A N/A N/A N/A N/A 






































R<Xl<.Y MJUNTAIN PR.OJOCT 
IffiER RESERVOIR l-1A.IN SPILINJAY 
1:40 Scale Spillway Model II 
SPILU~Y WATER SURFACE SURVEY 
Reservoir Elevation 714. 3 ft 
FlON over Spillway 47,000 cfs 
Water Surface Elevation, ft 
ft 1 2 3 ~ 
703.6 705.8 708.4 709.4 
701.7 704.7 706.9 708.8 
700.4 702.7 705.0 707.5 
698.4 700.3 703.1 705.0 
697.6 698.0 700.6 701.4 
694.1 695.3 698.3 698.7 
691.1 691.6 695.0 694.1 
687.2 687.2 691.3 690.2 
683.2 683.0 686.8 684.6 
678.7 678.4 681.6 679.4 
674.6 674.6 675.6 674.2 
712.0 710.0 709.6 709.9 
711.0 709.5 708.5 709.3 
707.2 707.9 707.0 707.9 
703.3 705.4 705.3 705.2 
699.7 702.3 703.5 702.6 
696.2 698.9 701.9 699.1 
692.8 695.4 699.3 695.4 
688.7 690.9 695.6 691.4 
684.6 686.5 691.4 686.4 
680.0 681.8 686.5 681.3 
675.0 675.9 681.3 676.1 
711.9 709.4 708.1 705.5 
711.2 708.9 706.5 703.8 
707.7 707.5 704.8 702.2 
703.6 704.7 702.7 699.6 
700.2 701.8 700.3 697.2 
697.4 698.3 698.3 694.2 
693.6 694.4 694.8 690.7 
690.0 689.6 686.4 686.6 
684.9 684.8 686.2 682.2 
680.2 679.4 680.0 677.9 
673.6 674.4 675.7 N/A 










































RXl<Y MJUNTAIN P~ 
IDVER RESERVOIR MAIN SPII.J.NlAY 
1: 40 Scale Spillway Mcxlel II 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 717. 6 ft 
Flow OVer Spillway 57,100 cfs 
Distance Water Surface 
from Crest, ft 1 2 3 
0 704.6 708.3 710.8 
4 702.3 706.6 709.2 
8 701.1 704.5 707.4 
12 699.6 702.6 705.5 
16 698.0 700.0 703.0 
20 695.5 696.9 701.3 
24 692.8 694.0 698.4 
28 689.5 690.2 694.4 
32 685.5 686.0 690.1 
36 681.4 682.0 685.3 
40 685.4 678.1 679.4 
0 715.0 712.8 712.4 
4 714.6 712.5 711.3 
8 710.6 711.0 710.0 
12 706.8 708.7 708.4 
16 703.1 705.7 706.5 
20 699.8 702.5 705.4 
24 696.6 699.3 702.0 
28 693.2 695.2 699.3 
32 689.1 690.8 695.6 
36 684.4 686.1 690.3 
40 680.0 680.9 685.3 
0 715.0 712.0 710.3 
4 714.7 711.7 708.8 
8 710.8 710.5 706.8 
12 707.0 708.2 705.1 
16 703.4 705.3 702.7 
20 700.5 702.0 701.0 
24 697.6 698.5 698.2 
28 693.1 693.6 694.3 
32 689.4 688.8 690.1 
36 684.4 683.8 684.3 
















































































RCCKY r.oJNrAIN p~ 
I..a\lER RESERVOIR MAIN SPILlWAY 
1: 40 Scale Spillway Model II 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 720.4 ft 
Flow Over Spillway 66,500 cfs 
Water Surface Elevation, 
from Crest, ft 1 2 3 4 
0 707.0 710.2 712.8 714.3 
4 705.3 708.3 711.1 713.9 
8 704.0 705.8 709.3 712.6 
12 700.5 703.9 707.3 710.7 
16 699.2 701.8 704.9 707.8 
20 698.1 699.0 703.0 704.4 
24 694.4 696.1 700.1 700.7 
28 692.3 692.6 697.2 697.2 
32 686.6 688.8 692.9 692.1 
36 681.6 684.3 688.7 687.4 
40 677.8 679.1 682.0 682.0 
0 717.8 715.3 714.9 715.3 
4 717.2 714.8 714.0 714.7 
8 713.6 713.6 712.5 713.7 
12 709.7 711.4 710.9 711.3 
16 706.1 708.4 709.7 708.1 
20 703.1 705.2 708.3 705.7 
24 699.4 701.8 706.4 702.2 
28 695.8 698.4 703.0 698.5 
32 692.2 694.2 699.1 694.5 
36 687.7 689.4 694.6 690.0 
40 684.2 685.0 689.4 685.0 
0 717.9 714.5 712.5 708.8 
4 717.2 714.0 710.7 706.4 
8 713.8 713.0 709.2 704.5 
12 710.3 710.5 706.9 702.0 
16 706.2 707.6 704.7 699.9 
20 702.9 704.5 703.0 697.1 
24 700.2 701.2 700.3 694.2 
28 696.4 696.1 696.8 690.4 
32 692.6 692.2 692.4 686.5 
36 687.3 687.6 687.6 682.2 
40 682.9 682.0 682.3 677.5 






































RCn<Y M)UNrAJN PROJ.E.Cr 
:LCMER RESERVOIR MA.IN SPILLWAY 
1: 40 Scale Spillway Model III 
SPILlWAY RATING I UNGATED FI.CM 





















































ROCKY MJUNTAIN PROJ"EC.r 
Ia\lER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model III 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 710.0 ft 
Flow Over Spillway 37,200 cfs 
Water Surface Elevation, Ft.· 
ft. 1 2 3 4 
707.1 706.7 706.5 706.7 
703.2 704.7 705.3 706.3 
698.2 701.8 703.5 704.7 
694.9 698.4 701.2 702.5 
691.4 694.8 698.7 699.6 
686.8 690.9 695.2 696.1 
682.0 686.7 691.5 692.7 
678.3 682.3 687.3 688.3 
673.0 676.8 682.6 683.7 
N/A 672.4 677.5 679.0 
N/A N/A 672.4 674.0 
708.3 706.5 706.2 706.6 
706.4 705.9 705.0 705.8 
702.4 703.7 702.6 703.9 
698.4 701.5 701.6 701.2 
695.0 698.2 699.4 698.0 
691.5 694.4 696.9 694.4 
688.3 690.4 694.1 690.2 
683.8 686.3 690.4 686.0 
679.9 681.7 686.0 681.0 
676.3 675.7 680.7 675.6 
N/A N/A 675.3 N/A 
708.6 706.9 706.6 706.5 
706.9 706.6 705.4 704.4 
703.2 705.0 703.6 701.5 
700.7 702.8 701.3 698.4 
698.2 699.8 698.3 695.0 
695.0 697.0 695.6 691.5 
692.1 693.2 691.8 687.0 
688.3 689.3 687.4 682.2 
684.8 685.0 682.9 676.5 
680.2 679.9 678.0 N/A 
675.4 674.6 673.4 N/A 









































R<Xl<Y MJUNTAIN PROJEX:T 
I.ruER RESERVOIR MAIN SPILlWAY 
1:40 Scale Spillway Model III 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 714.1 ft 
Flow Over Spillway 48,000 cfn 
Distance ~later Surface Elevation, Ft. 
from Crest. ft. 1 2 3 4 
0 710.5 710.0 710.1 710.3 
4 706.9 708.1 709.0 710.0 
8 702.2 705.0 707.0 706.6 
12 699.4 702.1 705.0 706.1 
16 696.6 697.9 701.8 704.0 
20 693.3 695.0 698.8 700.8 
24 688.8 690.4 695.2 697.1 
28 684.2 685.5 690.5 693.2 
32 677.4 680.4 686.6 688.6 
36 N/A N/A 681.4 683.8 
40 N/A N/A 677.4 678.2 
0 712.0 710.0 709.6 710.0 
4 710.7 709.6 708.5 709.5 
8 706.5 707.6 707.2 707.7 
12 702.8 705.4 705.5 705.3 
16 699.2 702.5 703.8 701.9 
20 695.9 698.9 702.0 698.4 
24 692.1 695.0 699.0 694.4 
28 688.5 690.8 695.2 690.4 
32 684.2 686.0 690.7 685.6 
36 679.4 681.4 685.7 681.0 
40 N/A 676.4 680.6 676.0 
0 712.4 710.3 709.9 709.9 
4 711.2 710.0 708.7 707.6 
8 707.6 708.9 707.2 704.4 
12 705.2 707.0 704.9 701.3 
16 702.2 704.1 701.8 697.8 
20 699.5 701.0 698.9 694.2 
24 696.2 697.8 695.3 690.0 
28 692.8 694.2 691.4 685.6 
32 689.0 689.4 687.0 680.7 
36 684.9 684.4 682.2 675.0 
40 680.9 679.9 677.7 N/A 













































































RCa<Y M:XJNTAIN PRO.IErr 
lavER RESERVOIR MAIN SPILlWAY 
1:40 Scale Spillway Model III 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 718.0 ft 
Flow OVer Spillway 57,600 cfs 
Water Surface Elevation, Ft. 
ft. 1 2 3 4 
714.6 713.8 713.7 713.9 
709.9 711.0 712.4 713.6 
713.1 7 o·8. o 710.7 712.5 
701.9 704.4 711.7 710.4 
699.3 700.6 705.2 708.2 
696.4 697.6 702.0 705.0 
692.3 693.6 698.2 701.7 
689.3 688.5 694.5 698.3 
686.2 683.3 690.5 693.4 
677.8 677.0 686.0 689.6 
N/A N/A 680.2 683.5 
715.9 713.7 713.2 713.6 
714.4 713.2 712.2 713.1 
710.2 711.6 710.8 711.4 
706.0 709.1 709.4 708.8 
702.7 706.1 708.4 705.8 
699.8 703.0 706.2 702.0 
696.4 699.5 703.4 698.9 
693.0 695.2 699.7 695.0 
688.8 691.5 695.4 690.2 
684.3 685.9 690.8 685.7 
679.2 681.4 685.0 680.6 
716.4 713.9 713.7 713.5 
715.4 714.0 712.3 711.1 
712.1 712.7 710.7 707.6 
709.1 710.7 708.3 704.1 
706.7 708.4 705.3 700.8 
704.0 705.4 702.4 697.4 
701.0 702.1 698.7 693.8 
697.8 698.6 695.2 689.6 
694.0 694.8 691.9 685.2 
690.1 689.9 687.2 680.3 
685.8 685.0 682.2 N/A 










































ROCKY r.DUNTAIN PID.J:EX::T 
I.aVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model III 
SPII,ll~ WATER SURFACE SURVEY 
Reservoir Elevation 720.9 ft 
Flow over Spillway 66,500 cfs 
Distance Water Surface Elevation, Ft. from Crest, ft. 1 2 3 4 
0 716.8 716.3 716.9 716.9 
4 712.4 713.4 715.3 716.3 
8 708.6 710.0 713.0 715.4 
12 705.1 707.1 710.4 713.9 
16 701.6 703.7 707.4 711.1 
20 699.3 700.9 704.6 708.1 
24 695.8 697.6 701.2 705.1 
28 687.8 693.0 698.0 701.5 
32 688.1 689.3 693.7 697.5 
36 683.3 684.6 690.1 693.0 
40 678.1 678.9 685.1 687.8 
0 718.4 716.5 716.0 716.3 
4 717.1 716.0 715.0 717.5 
8 713.6 714.2 713.7 714.3 
12 709.1 711.4 712.1 711.7 
16 706.0 708.7 710.4 708.8 
20 703.3 706.1 709.5 705.6 
24 699.2 702.2 706.4 702.2 
28 695.8 698.4 703.0 698.5 
32 692.4 694.6 698.8 694.5 
36 689.8 689.8 693.2 689.6 
40 684.8 685.5 689.4 685.1 
0 718.8 716.9 716.5 716.4 
4 718.0 716.4 715.0 713.6 
8 715.2 715.5 713.2 710.2 
12 712.5 713.8 710.9 706.6 
16 709.8 710.5 707.9 702.9 
20 707.0 708.4 704.8 700.2 
24 703.6 705.4 701.8 695.8 
28 701.0 702.2 698.1 691.7 
32 697.0 697.9 695.1 687.3 
36 693.8 693.8 691.3 682.7 
40 689.7 689.0 687.4 N/A 







































RCX::KY MOUNTAIN PROJECT 
LaVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model III 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 721.0 ft 
Flow over Spillvmy C9,600 cfs 
Distance Water Surface Elevation, 
from Crest. ft. 1 2 3 4 
0 717.0 716.4 716.5 716.8 
4 712.7 713.7 715.0 716.5 
8 707.8 710.2 713.3 715.6 
12 704.7 706.8 710.0 713.8 
1 16 701.8 703.6 707.7 711.4 
20 698.8 700.5 705.0 708.6 
24 696.6 697.9 700.9 705.5 
28 692.9 693.6 698.2 701.7 
32 690.5 689.9 693.9 697.4 
36 685.4 685.4 690.8 693.2 
40 678.3 679.6 685.8 688.1 
0 718.6 716.4 716.0 716.5 
4 717.2 716.1 715.1 716.0 
8 713.6 714.3 713.8 714.4 
12 709.0 711.3 713.0 711.7 
16 705.7 708.8 711.8 709.4 
2 20 703.0 705.9 709.7 706.0 
24 700.2 701.7 706.5 702.6 
28 696.1 698.7 702.9 698.4 
32 693.6 694.4 698.6 695.0 
36 688.8 689.7 693.9 691.2 
40 685.2 686.4 689.0 685.8 
0 719.2 716.8 716.2 716.4 
4 718.3 716.7 715.2 714.0 
8 715.2 715.8 713.2 710.2 
12 712.3 713.9 711.1 706.6 
16 710.4 711.6 708.5 702.9 
3 20 707.3 709.2 704.8 699.7 
24 704.7 705.5 702.2 695.6 
28 701.4 701.9 698.4 691.4 
32 697.7 698.1 694.7 686.7 
36 693.2 694.6 690.2 681.4 
40 685.8 685.8 686.3 677.3 

















































RO:KY MJUNTAIN PROJECT 
I£WER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway M:xiel IV 
SPILLWAY RATING I UNGATED F'L(M 













ROCKY IDUNTAIN PROJEX:'T 
ILMER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model V 
SPILlWAY RATING I lJNGl\TED FI.a\1 












:RCX:K.Y IDUNTAIN PROJECT 
la'VER RESERVOIR MAIN SPILLWAY 
1: 40 Scale Spillway Model VI 
SPILLWAY RATING I UNGATED FI..£:X.oV 












R.CX:KY IDUNTAIN PRO.JEX:.r 
I.a\lER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model VII 
SPILLWAY RATING I UNGl\TED F'I.CM 












RCCKY ID.JNTAIN PRO:J:EX:T 
lOVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway M:xlel VIII 
SPILlWAY RATING I UNGATED FI'..(lV' 












R.CX:l<Y MXJNI'AJN PRO.IEX:T 
I.GVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway ~bdel IX 
SPILLWAY RATING, UNGATED FI..a\T 












:occKY r.nJNTAIN PROJ.EX:T 
laVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model X 
SPiill~Y RATING, UNGATED F'I.£:W 











RfXXY M:XJNrAIN PROJEX:T 
:ravER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Mbdel XI 
SPIIJ.;WAY RATlNG I UNGATED F'I.lM' 











ROCKY IDUNTAIN PROJEC:r 
LCMER RESERVOIR fljA]N SPILLWAY 
1:40 Scale Spillway Model XII 
SPILLWAY RATING, UNGATED FI..CM 
















ROCKY .MJUNTAIN PROJECr 
l£MER RESERVOIR .MAIN SPILLWAY 
1:40 Scale Spillway Model XII 
SPILLWAY WATER SURFACE SURVEY 
Reservoir Elevation 718. 8 ft 
Flow Over Spillway 63,700 cfs 
Distance 
from Crest, ft. 1 2 3 
0 710.1 712.2 713.4 
4 706.8 710.0 711.3 
8 702.4 707.4 709.4 
12 699.7 704.7 705.5 
16 696.6 701.1 705.0 
20 69 3. 7 697.6 701.9 
24 690.4 693.4 699.0 
28 687.4 689.5 695.3 
32 682.4 685.5 691.3 
36 678.8 679.7 686.0 
40 676.3* 674.6* 681.7 
0 714.3 713.8 713.6 
4 714.2 712.6 712.4 
8 715.0 711.6 711.1 
12 710.6 710.0 709.5 
16 707.1 708.6 707.7 
20 703.0 706.0 705.8 
24 699.9 702.5 703.3 
28 695.5 698.7 701.6 
32 692.1 694.4 698.1 
36 686.4 689.6 695.4 
40 680.5 684.7 691.0 
0 714.6 713.6 713.0 
4 714.5 712.6 711.0 
8 717.0 711.5 709.3 
12 712.3 710.0 707.4 
16 708.7 709.8 705.3 
20 706.1 707.0 702.5 
24 702.4 703.4 699.4 
28 698.4 699.8 695.8 
32 694.0 695.8 694.1 
36 689.9 690.7 690.4 













































































ROCKY IDUNTAIN PROJECT 
lOVER RESERVOIR Iv1AIN SPI!.J.WAY 
1: 40 Scale Spillway r.bdel XII 
SPILlWAY 'WA.TER SURFACE SURVEY 
Reservoir Elevation 720.8 ft 
Flow Over Spillway 70F600 cfs 
Distance 
from Crest, ft. 1 2 3 
0 711.0 713.2 714.6 
4 707.5 710.6 713. 
8 703.4 709.0 711.1 
12 700.6 705.6 709.2 
16 697.8 701.7 706.7 
20 694.8 698.7 703.3 
24 690.1 695.3 698.4 
28 686.8 690.0 696.5 
32 683.0 686.0 692.6 
36 679.3 680.6 688.0 
40 N/A* N/A* 682.9 
0 716.0 715.6 715.4 
4 715.8 714.2 714.0 
8 717.0 712.9 712.8 
12 712.7 711.8 711.3 
16 709.2 710.3 709.6 
20 704.8 707.9 707.3 
24 702.1 704.7 705.6 
28 698.2 700.8 702.9 
32 694.0 697.0 700.8 
36 689.0 691.8 697.1 
40 685.2 688.1 693.8 
0 716.0 715.2 714.3 
4 716.3 714.0 712.7 
8 718.2 712.8 710.6 
12 714.2 714.2 709.1 
16 711.2 712.0 706.5 
20 708.2 708.6 703.8 
24 705.1 705.5 701.4 
28 700.1 701.8 697.4 
32 697.0 697.4 695.0 
36 691.8 693.1 691.5 
40 687.1 688.6 687.6 






































ROCKY IDUNTAIN PROJECT 
IJ::ltVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Spillway Model 
30 Ft. Bay Width 
SPILLWAY RATING, UNGATED FlOW 








:RCX:KY IDUNrAIN PROJECT 
!..mER RESERVOIR MAIN SPILT.WAY 
1: 40 Scale Hydraulic MJdel 
SPJ:L.IN.JAY lA1ATER SURFACE SURVEY 
SPII..I.WAY :MJ.DEL XIII 
Bay Distance Water Surface Elevation, 
Nurrber fran Crest, ft. 1 2 3 4 
0 704 704 705 706 
4 702 702 704 704 
8 699 700 701 702 
12 604 695 695 698 
16 603 694 694 697 
1 20 688 690 691 693 
24 684 687 688 689 
28 678 680 682 683 
32 676 678 680 680 
36 671 672 675 675 
40 667 669 670 670 
0 707 706 706 706 
4 705 704 704 704 
8 703 702 702 703 
12 696 698 698 699 
16 694 697 697 697 
2 20 690 693 694 694 
24 686 688 690 690 
28 680 682 685 683 
32 677 679 681 680 
36 672 674 678 675 
40 668 670 673 671 
0 707 706 705 705 
4 706 705 704 703 
8 704 703 701 700 
12 698 699 697 695 
16 696 697 695 694 
3 20 692 695 693 690 
24 687 - 689 689 686 
28 681 683 683 680 
32 678 679 680 677 
36 673 674 675 672 
40 670 670 670 669 
CCM1ENrS: 
Q = 40,700 cfs. 





































RCXl<Y MXJNrAIN PROJ.EX:T 
I.ffiER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 31. SPILllVAY WATER SURFACE SURVEY 
SPilLWAY t4)DEL XIII 
Bay Distance water Surface Elevation, ft. 
Number from Crest, ft. 1 2 3 4 5 
0 707 708 709 711 712 
4 705 707 708 709 711 
8 703 705 705 707 709 
12 698 700 701 704 704 
16 696 698 700 702 702 
1 20 692 695 697 698 698 
24 688 691 692 694 694 
28 682 686 688 689 688 
32 680 681 685 686 684 
36 675 678 681 680 679 
40 672 674 676 676 675 
0 712 711 711 711 712 
4 711 710 709 710 711 
8 708 707 707 708 708 
12 702 704 704 704 703 
16 701 703 702 703 701 
2 20 696 699 699 699 697 
24 691 695 696 695 692 
28 686 690 692 690 687 
32 682 686 689 687 683 
36 680 681 684 682 677 
40 673 677 680 677 674 
0 712 711 710 709 708 
4 711 709 708 706 705 
8 709 707 705 704 701 
12 704 705 701 700 696 
16 702 702 700 697 695 
3 20 697 699 700 694 690 
24 693 694 693 689 685 
28 688 690 690 685 680 
32 685 687 686 682 677 
36 680 681 681 677 673 
40 676 677 676 673 669 
C<MviENTS: 
Q = 60,000 cfs. 
Reservoir Elevation = 718 ft. 
-159-
Table 32. 
RCCKY M)UNTAIN PROJEX::r 
:r.rnER RESERVOIR Mt\IN SPILLWAY 
1: 40 Scale Hydraulic Model 
Iffi DISCHARGE SPILI.WAY RATrnG, UNGATED FI..CMS 
SPILlWAY IDDEL XIII 
















RCCKY MJUNTAIN PROJECI' 
I.CMER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 33 • Ga.ted. Spillway Discharges - Hysteresis Stud.y 
Spillway Model XIII 
Ga.te Openings = 20 ft. 
Discharge Status Reservoir Ccrrnents 
cfs Elevation 
ft. 
48450 110 UG 310* 714.8 Rising Discharges 
49040 110 UG 310* 715.0 II 
40610 110 UG 310* 715.2 n 
50035 110 UG 310* 715.4 II 
50720 125 UG 325* 715.6 " 
51130 150 UG 350* 715.7 " 
51790 150 UG 350* 716.0 II 
52305 175 UG 375* 716.2 " 
52685 Crested 721.2 Fla.v Topped Tainters 
51920 Crested 720.4 Falling Discharges 
51525 Crested 720.1 Fla.v Topped Tainters 
50995 Crested. 719.4 n 
50585 Ga. ted 718.1 " 
50175 125 UG 325 715.4 If 
* 
Partly sealed tainter gates: numbers indicate partial 
sealing in respective bay, superscripted numbers indicate 
estimated percentage of sealing of tainter gates: UG= 
ungated flav. 
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RCX:KY MJUNTAIN PR.OJEX::T 
I.CMER RESERVOIR MAIN SPILIWAY 
1:40 Scale Hydraulic Model 
Table 34 .. Gated Spillway Discharges - Hysteresis Study 
Spillway Model XIII 
Gate Openings = 20 ft. 
Discharge Status Reservoir Ccmtents 
cfs Elevation 
ft. 
51130 150 UG 350* 715.7 Rising Discharges 
51790 150 UG 350* 715 .. 9 II 
52045 160 UG 360* 716.0 II 
52305 175 UG 375* 716.1 " 
52430 175 275 375* 716.2 " 
52685 Crested 721 .. 2 II 
52175 Crested 720.9 Falling Discharges 
51655 Crested 720.0 II 
51260 Gated 719.6 II 
50860 Gated 718.9 n 
50720 Gated 718.1 " 
50450 Gated 717.7 " 
50175 125 UG 325* 715.3 " 
* 
Partly sealed tainter gates: ntmlbers indicate partial 
sealing in respective bay, superscripted ntmlbers indicate 
estinated percentage of sealing of tainter gates: UG = 
1.mgated flow. 
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R.CXl<Y IDUNrAIN p~ 
lavER RESERVOIR MAIN SPILLWAY 
1: 40 Scale Hydraulic Model 
Table 35. Gated Spillway Discharges - Hysteresis Study 
Spillway Ivbdel XIII 
Gate Openings = 15 ft. 
Discharge Status Reservoir caments 
cfs Elevation 
ft. 
31050 Ungated 708.5 Rising Discharges 
32980 125 UG 325* 709.2 n 
33345 125 UG 325* 709.4 " 
33700 150 UG 350* 709.6 " 
34230 150 UG 350* 709.8 " 
34570 Gated 714.0 " 
34230 Gated 713.4 Falling Discharges 
33880 Gated 712.8 II 
33345 Gated 711.9 II 
32980 125 UG 325* 709.2 n 
33345 150 UG 350* 709.4 Rising Discharges 
33880 150 UG 350* 709.7 n 
34230 Gated 713.6 " 
34400 Gated 713.8 " 
33700 Gated 713.0 Falling Discharges 
33525 Gated 712.4 " 
33345 Gated 712.2 " 
33165 Gated 711.7 " 
32980 125 UG 325* 709.3 " 
* Partly sealed tainter gates: n\lllDers indicate partial 
sealing in respective bay, s'l.)ferscripted nmlbers indicate 
estimated :percentage of sealing of tainter gates; UG = 
ungated flCM. 
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R.CX:l<Y MXJNI'AIN PROJELT 
!.aVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic ~el 
Table 36. Gated Spillway Discharges - Hysteresis Study 
Spillway Model XIII 
Gate Openings = 10 ft. 
Discharge Status Reservoir Ccrments 
cfs Elevation 
ft. 
14060 Ungated 701.2 Rising Discharges 
15770 Ungated 702.0 n 
18180 Ungated 703.2 tl 
18885 140 UG 340* 703.5 tl 
19360 Gated 706.7 n 
18885 Gated 706.0 Falling Discharges 
18795 Gated 705.7 II 
18550 Gated 705.1 " 
18305 Ungated 703.2 " 
18640 140 UG 340* 703.4 Rising Discharges 
19065 140 UG 340* 703.6 tl 
19330 Gated 706.6 II 
18795 Gated 705.8 Falling Discharges 
18640 Gated 705.5 " 
18240 Ungated 703.2 n 
* Partly sealed tainter gates: m ..mbers indicate partial sealing 
in respective bays, superscripted nl.llli:>ers indicate estimated 
percen-'cage of sealing of tainter gates; UG = mgated flow. 
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ROCKY MJUNTAIN PRO.IECr 
I..CNlER RESERVOIR MAIN SPILLWAY 
1: 40 Scale Hydraulic Model 
Table 37 • Gated Spillway Discharges - Hysteresis Study 
Spillway Model XIII 
Gate Openings = 5 ft. 
Discharge Status Reservoir carments 
cfs Elevation 
ft. 
7610 150 UG 350* 697.6 Rising Discharges 
8185 Gated 700.5 II 
8980 Gated. 702.5 II 
8850 Gated. 702.3 II 
8390 Gated. 701.2 Falling DisCharges 
7760 Gated. 699.6 II 
7460 Gated 698.7 II 
6990 On gated. 697.3 II 
9825 Gated 705.0 Falling Discharges 
9230 Gated 703.1 II 
8850 Gated 702.2 II 
8660 Gated. 701.4 " 
8185 Gated 700.6 II 
7905 Gated 699.8 II 
7150 Ung-ated 697.4 II 
* Partly sealed. tainter gates: n\mlbers indicate partial 
sealing in respective bays, superscripted nu:ribers indicate 
estima.ted percentage of sealing of tainter gates: UG = oogated 
flow. 
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R.CX:l<Y MJUNTAIN PROIECI' 
u::m.ER RESERVOIR MAIN SPILlWAY 
1:40 Scale Hydraulic Model 
Table 38. Rating of Tainter Gates, 30-foot Bays 
Gate Openingp: North 0 in. 






**Gated spillway discharge 
-166-
Center 8 in. 






RCXl<Y MJUNrAIN p~ 
:u:w.ER RESERVOIR :MAIN SPILI.WAY 
1:40 Scale Hydraulic Model 
Table 39. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 8 in. 






**Gated spillway discharge 
-167-
Center 8 in. 






RCXl<Y ID.JNTAIN PROJEX::T 
!avER RESERVOIR MAIN SPILI.WAY 
1:40 Scale Hydraulic Mbdel 
Table 40. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 16 in. 






**Gated spillway discharge 
-168-
Center 16 in. 






KCKY IDUNTAIN PROJ"I!Cr 
li.l'VER RFSERV'OIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 41. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 0 in. 






**Gated spillway discharge 
-169-
Center 24 in. 






RO:KY 1VDUNTAIN PROJOCT 
I.£ltV.ER RESERVOIR .MAIN SPILI..WAY 
1: 40 Scale Hydraulic :r.t:xlel 
Table 42. Rating of Tainter Gates, 30-foot Bays 
Gate O};:enings: North 0 in. 








**Gated spillway discharge 
-170-
Center 32 in. 









ROCKY M)UNTAIN PROJE'Cr 
UWER RESERVOIR MAIN SPILlWAY 
1: 40 Scale Hydraulic M:rlel 
Table 43. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 0 in. 







**Gated spillway discharge 
-171-
Center 48 in. 








Rt::n<Y f.DUNTAIN P:RO.J'ECI' 
!.£MER RESERVOIR MAIN SPII.J:.»lAY 
1:40 Scale Hydraulic Model 
Table 44. Rating of Tainter ·Gates, 30-foot Bays 
Gate Openings: North 0 ft. 







Center 4 ft. 








RCCKY .M:UNrAIN P:RO.J"ECI' 
J:atVER RESERVOIR MAIN SPILlWAY . 
1:40 Scale Hydraulic Model 
Table 45. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 0 ft. 






Center 5 ft. 






RCX'l<Y MXINrAIN PROJ:ECI' 
I.&ER RESERVOIR MAIN SPII..ciWAY 
1:40 Scale Hydraulic ~el 
Table 46. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 1 ft. 







Center 5 ft. 








RCCKY M)UNI'AIN PRO.JEX:T 
IruER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 4 7. Rating of Tainter Ga.tes, 30-foot Bays 
Gate OJ;.enings: North 2 ft. 








Center 5 ft. 









RCX:::KY MXJNrAIN PRQJECI' 
ILMER RESERVOIR t-1AIN SPII.J:.NJAY 
1: 40 Scale Hydraulic rb:iel 
Table 4 8. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 3 ft. 









Center 5 ft. 










ROCKY IDUNTAIN PROJECr 
u::MER RESERVOIR MAIN SPILlWAY 
1:40 Scale Hydraulic Model 
Table 49. Rating of Tainter Gates, 30-foot Bc:iys 
Gate Openings: North 4 ft. 









Center 5 ft. 










R<Xl<Y MJUNTAIN PROJECr 
I..£ltVER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 50. Rating of Tainter Gates, 30-fcx:>t Bays 
Gate Openings: North 5 ft. 













Center 5 ft. 














R<XXY IDUNI'AIN PROJECT 
u::wER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Mcrlel 
Table 51. Rating of Tainter Gates, 30-foot Bays 
Gate Openings: North 10 ft. 










Center 10 ft. 











RXl<Y MJONTAIN PR.OJEX:T 
LCMER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 52. Rating of Tainter Gates, 30-foot Bays 
Gctte Openings: North 15 ft. 





Center 15 ft. 
South 15 ft. 




~KY M)UN['AIN PRO.IEX:T 
!.aVER RESERVOIR MAIN SPII.J.WAY 
1:40 Scale Hydraulic Model 
Table 53. Rating of Tainter Gates, 30-foot Ba.ys 
Gate· Openings: North 20 ft. 










Center 20 ft. 











RCX:KY IDtJNrAIN PROJEX::T 
I.CMER RESERVOIR :MAIN SPILI.WAY 
1:40 Scale Hydraulic Mbdel 
Table 54. Surrmary of Dissipater Test Conditions 
Bucket Invert Elevations: 635, 630 feet 
Exit Lip Angles 45°, 37.5°, 30° 
20°, 10° 1 0° 
Exit Lip Elevations 646, 642, 640 feet 
Guidewall Flare Angles 5°, 7.5° 1 ••• , 30° 
Guidewall Elevations 667, 665, 655 feet 
-182-
ROCKY IDUNTAIN PROJECT 
la'VER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 55. Flip Bucket Type Energy Dissipater, 45° Angle 
Total Tail water Bucket End Sill Gate Height Height 
FlOYV, Elev., Radius, Elev., Opening Max., Min., 
cfs. ft. MSL ft. ft. .MSL ft. ft. 
30,000 661 25 646 ungated 56 46 
40,000 663 25 646 ungated 55 39 
50,000 665 25 646 ungated 56 40 
60,000 667 25 646 ungated 56 42 
69,000 669 25 646 ungated 58 44 
Height is distance above 635 feet. 










RCCKY IDUNTAIN PRO.JECr 
!:.aVER RESERVOIR .MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 56 . Tailrace Velocity Survey 
STATICN a b c d 
1 N/A N/A N/A N/A 
2 8 12 10 -7 
3 8 15 11 -7 
4 10 14 11 10 
5 N/A 13 11 9 
6 1 10 10 10 
7 1 8 10 9 
8 N/A 7 9 9 
9 N/A 6 8 8 
~S: 
Measurerrents taken 5 ft. belav water surface. 
Tail water Elev. 661 ft. (MSL) 
Q = 30,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 45° 
Sill Exit Elev. 646 ft. 












RXl<Y IDJNTAIN PROJEX:T 
I..CMER RESERVOIR MAIN SPJ:IJ:.WAY 
1:40 Scale Hydraulic Model 
Table 57. Tailrace Velocity Survey 
STATION a b c d 
1 N/A N/A N/A N/A 
2 5 16 13 -6 
3 7 15 15 7 
4 8 14 18 11 
5 10 16 19 15 
6 8 16 17 16 
7 8 15 17 18 
8 N/A 12 16 14 
9 N/A 4 12 10 
<n-1MENTS: 
Measurerrents taken 5 ft. be1CM water surface. 
Tai1water E1ev. 661 ft. (MSL) 
Q = 60,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 45° 
Sill Exit E1ev. 646 ft. 












RCX:l<Y M:::>UNTAIN PROJECr 
I.t:MER RESERVOIR MAIN SPIL.I.WAY 
1:40 Scale Hydraulic Model 
Table 58. Flip Bucket Type Energy Dissipater, 37.5° Angle 
Total Tail water Bucket End Sill Gate Height Height 
Flow, Elev., Radius, Elev., Opening Max., Min., 
cfs. ft. MSL ft. ft. MSL ft. ft. 
30,000 661 25 646 ungated 48 39 
40,000 663 25 646 ungated 51 35 
50,000 665 25 646 ungated 53 40 
60,000 667 25 646 ungated 57 39 
69,000 669 25 646 ungated 55 40 
30,000 661 25 642 ungated 54 44 
40,000 663 25 642 ungated 55 36 
50,000 665 25 642 ungated 57 40 
60,000 667 25 642 ungated 51 38 
69,000 669 25 642 ungated 49 39 
Height is distance above 6 35 feet. 















RCD<Y MJUNTAIN PROJECT 
IJ::WER RESERVOIR MAIN SPILLWAY 
1: 40 Scale Hydraulic M:rlel 
Table 59 • Tailrace Velcci ty Survey 
STATION a b c d 
1 N/A N/A N/A N/A 
2 8 12 12 -9 
3 9 14 11 -7 
4 N/A 9 8 8 
5 N/A 10 9 8 
6 1 9 9 8 
7 1 9 9 8 
8 N/A 9 9 8 
9 N/A 7 7 8 
cc:r.1ME.NTS: 
Measurerrents taken 5 ft. belo;,v water surface. 
Tailwater Elev. 661 ft. (MSL) 
Q = 30,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 37.5° 
Sill Exit Elev. 642 ft. 
Values are prototype velocities in fps. 












RCX:l<Y MJUNTAIN PRO:JiCI' 
I.£loVER RESERVOIR MAIN SPILI.WAY 
1:40 Scale Hydraulic Model 
Table 60. Tailrace Vel~ity Survey 
STATICN a b c d 
1 N/A N/A N/A N/A 
2 7 12 12 -8 
3 8 15 14 -8 
4 11 9 9 7 
5 N/A 6 8 7 
6 4 7 8 8 
7 2 8 8 9 
8 N/A 8 8 9 
9 N/A 7 7 8 
CG1MEN.rS: 
Measurerrents taken 5 ft. belCM water surface. 
Tailwater Elev. 661 ft. (MSL) 
Q = 30,000 cfs. 
Wingwalls: 7.5° angles 
Will Exit Angle 37.5° 
Sill Exit Elev. 646 ft. 
Values are prototype vel~ities in fps. 












RCCKY IDUNTAIN PRO.JOCT 
1:.0\'ER. RESERVOIR MAIN SPILLWAY 
1: 40 Scale Hydraulic :tJk.Xlel 
Table 61. Tailrace Velocity Survey 
STATICN a b c d 
1 N/A N/A N/A N/A 
2 7 21 11 -4 
3 6 20 9 -4 
4 6 16 13 7 
5 6 14 15 9 
6 7 13 14 11 
7 6 12 14 12 
8 N/A 12 13 12 
9 N/A 12 14 8 
Ca.1MENI'S: 
Measurerrents taken 5 ft. :below water surface. 
Tailwater Elev. 667 ft. (MSL) 
Q = 60,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 37.5° 
Sill Exit Elev. 642 ft. 
Values are prototype velocities in fps. 












RCCKY MJUNI'AIN P:ROJEX::r 
ra.vER RESERVOIR MAIN SPILLWAY 
1: 40 Scale Hydraulic Mcx:le1 
Table 62 • Tailrace Velocity Survey 
STATION a b c d 
1 N/A N/A N/A N/A 
2 9 16 12 -8 
3 8 16 14 8 
4 10 18 17 10 
5 11 17 19 13 
6 10 16 16 11 
7 5 13 10 11 
8 N/A 11 9 11 
9 N/A 8 10 10 
Ca-1MENTS: 
Measurerrents taken 5 ft. below water surface. 
Tailwater Elev. 667 ft. (MSL} 
Q = 60,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 37.5° 
Sill Exit Elev. 646 ft. 
Values are prototype velocities in fps. 












ROCKY IDUNTAIN PROJEX:;T 
LavER RESERVOIR MAIN SPILlWAY 
1: 40 Scale Hydraulic ~el 
Table 63 . Flip Bucket Type Energy Dissipater, 30° Angle 
Total Tailwater Bucket Exit Lip Gate Height Height 
Flow, Elev., Radius, Elev., Opening Max., Min. 1 
cfs. ft. MSL ft. ft. MSL ft. ft. 
30,000 661 25 646 ungated. 39 29 
40,000 663 25 646 ungated. 40 30 
50,000 665 25 646 ungated 40 32 
60,000 667 25 646 ungated. 46 35 
69,000 669 25 646 ungated 45 37 
30,000 661 25 640 ungated. 46 39 
40,000 663 25 640 ungated. 45 30 
50,000 665 25 640 ungated. 57 49 
60,000 667 25 640 ungated. 53 36 
69,000 669 25 640 ungated. 37 28 
*Unsteady. 
Height is distance above 635 feet. 















RCX:l\Y MXJNTAIN PROJECT 
!£MER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 64. Tailrace Velocity Survey 
STATION a b c d 
1 N/A N/A N/A N/A 
2 10 10 11 -2 
3 11 12 11 -6 
4 10 6 7 8 
5 10 7 7 9 
6 4 8 7 8 
7 3 9 7 8 
8 N/A 9 7 7 
9 N/A 8 7 6 
CCM4ENTS: 
Measurerre:nts taken 5 ft. below water surface. 
Tailwater Elev. 661 ft. {MSL) 
Q = 30,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 30° 
Sill Exit Elev. 640 ft. 
Values are prototype velocities in fps. 












:ReeKY MOUNTAIN PR.OJECI' 
I.a\lER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 65 . Tailrace Velocity Survey 
STATION" a b c d 
1 N/A N/A N/A N/A 
2 9 11 10 -5 
3 10 13 12 -7 
4 10 10 6 7 
5 8 10 5 7 
6 2 11 6 8 
7 1 10 6 8 
8 N/A 10 7 7 
9 N/A 9 7 6 
COv1MENI'S: 
~asurem:mts taken 5 ft. below water surface. 
Tailwater Elev. 661 ft. (MSL) 
Q = 30,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 30° 
Sill Exit Elev. 643 ft. 
Values are prototype velocities in fps. 












RCX:KY MXJNTAIN PROJECT 
I.a\1ER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 6 6. Tailrace Velocity Survey 
STATIOO a b c d 
1 N/A N/A N/A N/A 
2 10 14 11 -4 
3 9 15 11 -4 
4 7 11 7 6 
5 7 11 7 7 
6 N/A 11 7 7 
7 N/A 10 8 8 
8 N/A 9 8 7 
9 N/A 7 9 5 
CCM-1E:N:PS: 
~surerrents taken 5 ft. belCM water surface. 
Tailwater Elev. 661 ft. (MSL) 
Q = 30,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 30° 
Sill Exit Elev. 646 ft. 
Values are prototype velocities in fps. 












RCX::KY M:XJNTAIN PRQJ"ECI' 
u:wER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 67. Tailrace Velocity SUrvey 
STATION a b c d 
1 N/A N/A N/A N/A 
2 6 22 16 -7 
3 7 17 15 -8 
4 9 17 18 10 
5 9 18 19 13 
6 9 16 16 11 
7 3 12 7 12 
8 N/A 11 7 11 
9 N/A 9 9 8 
CCMMENTS: 
Measurerrents taken 5 ft. belON water surface. 
Tailwater Elev. 667 ft. (MSL) 
Q = 60,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 30° 
Sill Exit Elev. 640 ft. 
Values are prototype velocities in fps. 












ROCKY MXJNrAIN PROJF.Cr 
I.lMER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 68. Tailrace Velocity Survey 
STNriON a b c d 
1 N/A N/A N/A N/A 
2 12 18 4 -4 
3 13 11 10 -8 
4 14 15 16 9 
5 13 17 18 13 
6 15 18 18 17 
7 7 17 17 14 
8 N/A 13 11 8 
9 N/A 9 12 9 
ca:-1MENTS : 
Measurem:mts taken 5 ft. bel em water surface. 
Tailwater Elev. 667 ft. 
Q = 60,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 30° 
Sill Exit Elev. 646 ft. 
Values are prototype velocities in fps. 












RCCKY mJNrAIN PRO.IEJ:T 
I.a\IER RESERVOIR MAIN SPILlWAY 
1: 40 Scale Hydraulic ~el 
Table 69 • Tailrace Velocity Survey 
STATION a b c d 
1 N/A N/A N/A N/A 
2 6.6 20.2 11.6 4.1 
3 6.4 19.0 11.8 5.9 
4 8.0 18.7 17.2 9.3 
5 8.2 15.2 17.4 8.6 
6 7.9 15.8 16.9 11.8 
7 1.5 12.8 10.5 11.1 
8 N/A 10.1 10.0 11.9 
9 N/A 8.1 11.6 8.9 
cnMMENTS: 
M=asurerrents taken 5 ft. belOW' water surface. 
Tailwater Elev. 667 ft. 
Q = 60,000 cfs. 
Wingwalls: 7.5° angles 
Sill Exit Angle 30° 
Sill Exit Elev. 643 ft. 
Values are prototYf,)e velocities in fps. 












RCXl<Y MJUNTAIN PRCXJ"Eer 
UlVER RESERVOIR MAIN SPII.il'lAY 
1:40 Scale Hydraulic Model 
Table 70 • Flip Bucket Type Energy Dissipater Water Surface Elevations 
)llr Q 
7 End of Bucket 
NORI'H SOUTH 
x-feet Inside Outside Inside Outside 
-so 644 659 645 659 
-33 649 659 648 659 
-17 654 659 654 659 
0 657 659 656 659 
17 657 659 656 659 
33 658 659 658 659 
50 657 659 657 659 
67 659 659 659 659 
83 659 659 659 659 
C<mrents: 
vlater Surface Elevations in ft. (MSL) 
Top of Wall at 667 ft. 
Q = 20,000 cfs. 
Reservoir Elevation = 705 ft. 
Tailwater Elevation = 659 ft. 
-1~8-
ROCKY MXJNI'AIN PRO.JECr 
LCWER RESERVOIR MAIN SPILI.WAY 
1:40 Scale Hydraulic Model 
Table 71.. Flip Bucket Type Energy Dissipator Water Surface Elevations 
,..Q 
NORrH SOUTH 
x-feet Inside Outside Inside Outside 
-so 645 661 644 661 
-33 648 662 647 661 
-17 652 661 651 661 
0 658 661 657 661 
17 658 661 658 661 
33 659 661 656 661 
50 659 661 657 661 
67 659 661 659 661 
83 659 661 659 661 
Ccmren.ts: 
Water Surface Elevations in ft. (MSL) 
Top of Wall at 667 ft. 
Q = 30,000 cfs. 
Reservoir Elevation = 709 ft. 
Tailwater Elevation = 661 ft. 
-199-
R:CKY MOUNI'AIN PROIEX::I' 
IffiER RESERVOIR MA.IN SPILLWAY 
1:40 Scale Hydraulic Model 
Table 72. Flip Bucket Type Energy Dissipa.tor Water Surface Elevations 
NORrH SOUTH 
x-feet Inside OUtside Inside OUtside 
-50 645 664 645 664 
-33 649 664 646 664 
-17 653 664 650 664 
0 659 664 659 664 
17 661 664 661 664 
33 662 664 661 664 
50 662 665 662 665 
67 662 664 662 664 
83 662 664 662 664 
Ca:ments: 
Water Surface Elevations in ft. (MSL) 
Top of Wall at 667 ft. 
Q = 45,000 cfs. 
Reservoir Elevation = 713 ft. 
Tailwater Elevation = 664 ft. 
Waves spilled over both North and South walls. 
Estimated height = 5 ft. 
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RCXl<Y IDUNTAIN PRCXJECT 
I.GVER RESERVOIR !YlAIN SPILLWAY 
1: 40 Scale Hydraulic M:xiel 
Table 73. Flip Bucket Type Energy Dissipater Water Surface Elevations 
-x 
NORrH sourH 
x-feet Inside OUtside Inside OUtside 
-50 650 667 648 667 
-33 652 668 652 667 
-17 654 668 653 667 
0 661 668 660 667 
17 664 668 663 667 
33 663 668 664 667 
50 665 667 666 667 
67 665 667 666 667 
83 666 667 666 667 
Car:nents: 
Water Surface Elevations in ft. (MSL) 
Top of Wall at 667 ft. 
Q = 60,000 cfs. 
Reservoir Elevation = 718 ft. 
Tailwater Elevation = 667 ft. 
-201-
RX:KY MJUN.rAIN PROJ'Fl:T 
I.CWER RESERVOIR MAIN SPILlWAY 
1:40 Scale Hydraulic Model 
Table 74. Flip Bucket Type Energy Dissipator Water Surface Elevations 
NORrH SOUTH 
Inside Outside Inside Outside 
x-feet Vel., w.s., Vel., w.s., Vel., w.s., Vel. 1 w.s. 1 
fps. ft. fps. ft. fps. ft. fps. ft. 
-50 N/A 646 N/A N/A N/A 646 N/A N/A 
-33 N/A 649 N/A N/A N/A 650 N/A N/A 
-17 N/A 655 N/A N/A N/A 654 N/A N/A 
0 N/A 659 N/A 662 N/A 658 N/A N/A 
17 7 659 N/A 662 3 659 N/A N/A 
33 7 660 N/A 662 6 659 N/A N/A 
50 5 660 N/A 662 5 660 N/A N/A 
67 4 660 0 662 5 660 N/A N/A 
83 6 660 0 662 5 661 N/A N/A 
100 6 661 1 662 4 661 N/A N/A 
117 4 661 1 662 5 662 N/A N/A 
133 2 661 1 662 3 662 N/A N/A 
Carm:mts: 
Q = 30 1 000 cfs. 
G.O. = ungated 
Reservoir Elevation = 708 ft. 
Tailwater Elevation = 661 ft. 
2 ft. waves at banks - 5 ft. waves at wingwalls 
Light steady splash over North wingwall 
Light intermittant splash over South wingwall 
Velocities at 20 ft. inside wingwall 
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RCCKY IDUNI'AIN PROJECI' 
IrnER RESERVOIR MAIN SPILlWAY 
1:40 Scale Hydraulic M:rlel 
Table 75 • Flip Bucket Type Energy Dissipator Water Surface Elevations 
NORI'H SOUTH 
Inside Outside Inside Outside 
x-feet Vel., w.s.' Vel., w.s.' Vel., w.s.' Vel., w.s.' 
fps. ft. fps. ft. fps. ft. fps. ft. 
-50 N/A 643 N/A N/A N/A 645 N/A N/A 
-33 N/A 648 N/A N/A N/A 649 N/A N/A 
-17 N/A 652 N/A N/A N/A 655 N/A N/A 
0 -7 657 N/A N/A -6 659 N/A N/A 
17 -8 658 N/A 662 -4 661 N/A 662 
33 -10 660 1 662 -4 660 N/A 662 
50 -5 660 2 662 -3 661 N/A 662 
67 8 660 3 662 -4 661 N/A 662 
83 5 661 3 662 -6 662 -1 662 
100 6 661 3 662 -7 661 -2 662 
117 7 661 3 662 -7 661 -4 662 
133 8 662 3 662 -5 662 -7 662 
Cc:mrents: 
Q = 35,000 cfs. 
G.O. = 15 ft. - all gates 
Reservoir Elevation = 714 ft. 
Tailwater Elevation = 662 ft. 
2-3 ft. waves at banks - 10-12 ft. waves at wingwalls. 
Light, but regular splash-over on the North wall. 
Very light randan splash-over on the South wall. 
MJderate benching on both banks. 
Extending North wall does not offer substantial improvement of benching effect 
or return flav. 
Velocity taken 15 ft. inside wingwall. 
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ReeKY MOUNTAIN PROJECT 
ill'VER RESERVOIR MAIN SPIL'r.WAY 
1:40 Scale Hydraulic M:xlel 
Table 76. Flip Bucket Type Energy Dissipator Water Surface Elevations 
NORrH sourn 
















Q = 45,000 cfs. 
G. 0. = ungated 














Reservoir Elevation = 713 ft. 
Tailwater Elevation = 664 ft. 





























Splash over on North wall is steadier and heavier than for 30, 000 cfs. 















Scour 'beginning to appear at the end of the South wall but, is vvorse on the end of 
the North wall. 
Considerable undermining of extendoo piece (133 ft.) . 
Return flow is noticec:l on roth banks - vvorse on the North bank. 
Extending North wall appears to help, but did not stop return flow. 
Veloci cy at 15 ft. inside wingwall 
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Im<Y M:UNTAIN p~ 
I:.1MER RESERVOIR MAIN SPILLWAY 
1:40 Scale Hydraulic M'Jdel 
Table 77. Flip Bucket Type Energy Dissipater Water Surface Elevations 
NJRI'H SOOTH 
Inside Outside Inside Outside 
x-feet Vel., w.s., Vel., w.s., Vel., w.s. 1 Vel., w.s. 1 
fps. ft. fps. ft. fps. ft. fps. ft. 
-so N/A 645 N/A 668 N/A 649 N/A N/A 
-33 N/A 651 N/A 668 N/A 651 N/A N/A 
-17 N/A 653 N/A 668 N/A 653 N/A N/A 
0 -10 660 N.F. 668 -8 658 N/A N/A 
17 -11 663 N.F. 668 -4 663 N/A 668 
33 -9 663 N.F. 668 -4 664 N/A 668 
50 -6 664 2 668 -5 663 N/A 668 
67 -6 663 3 668 -6 665 N/A 668 
83 -8 664 3 667 -6 664 N/A 668 
100 -6 665 4 667 -6 667 N/A 668 
117 -7 666 5 667 -8 666 -2 668 
133 -6 665 N/A 667 -8 666 N/A 668 
Caments: 
Q = 60,000 cfs. 
G.O. = ungated 
ReseJ:VOir Elevation = 720 ft. 
Tailwater Elevation = 667 ft. 
3-4 ft. waves at bank - 10-12 ft. waves at wingwalls 
Water nms over both walls into the spillway with splash over on both walls. 
Scour at the end and behind both walls. 
Strong return fla.v at both banks. 
Velocities at 15 ft. inside wingwall 
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ROCKY IDUm'AIN PROJ'El:T 
I.CMER RFSERVOm MAIN SPII..J.WAY 
1: 40 Scale Hydraulic z...bdel 
Table 78 • Tailrace Velocity Survey 
STATION a b c d e 
0 4 13 4 -2 N/A 
1 6 14 3 -2 -1 
2 6 9 3 -1 -·1 
3 6 9 4 -1 -2 
4 6 7 6 -1 N/A 
5 5 6 5 -2 N/A 
6 2 5 4 3 0 
7 N/A 3 5 4 2 
8 N/A 4 4 4 3 
9 N/A 2 3 3 3 
CCM1ENI'S: 
Measuren:ents taken at elev. 653 ft. 
Tailwater Elevation= 659 ft. 
Reservoir Elevation = 755 ft. 
Q = 20,000 cfs. 
Splash - none 
Erosion - none 
Waves - at bank 2-3 ft. 
at wingwall 5 ft. 
Junp - end of bucket 
Vortices - return flow just inside each wingwall 
return flCM on north bank 













RCx:::KY KX.JNTAIN PRO.J'ECI' 
IaiER RESERVOIR MAIN SPILLWAY 
1: 40 Scale Hydraulic f.tXlel 
Table 79 • Tailrace Velocity SUrvey 
srATION a b c d e 
0 6 20 6 3 -1 
1 9 18 4 -3 -3 
2 12 14 6 1 -1 
3 9 14 6 1 -3 
4 9 9 7 1 N/A 
5 9 11 8 1 N/A 
6 4 9 6 3 1 
7 N/A 8 7 4 1 
8 N/A 6 7 6 3 
9 N/A 5 5 5 3 
CG1MENTS: 
~uren:ents taken at elev. 657 ft. 
Tailwater Elevation = 661 ft. 
Reservoir Elevation = 759 ft. 
Q = 30,000 cfs. 
Splash - light, intennittent splash 
Erosion - benches fo:r:mi.ng on both north and south banks 
Waves - at bank 3-5 ft. 
at wingwall 5-10 ft. 












Vortices - return flow just inside each wingwall and along north bank 
See Definition Sketch, Figure 80. 
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- RCX:l<Y r-DUNTAIN p~ IlMER RESERVOIR MAIN SPII.J:.W\Y 
1:40 Scale Hydraulic Mbdel 
Table 80 • Tailrace Velocity SUrvey 
STATIOO a b c d e 
0 4 32 9 -3 -1 
1 11 22 6 -3 -3 
2 15 22 8 -3 -3 
3 13 18 11 4 -3 
4 11 15 11 3 N/A 
5 8 11 9 6 -3 
6 9 10 8 5 1 
7 3 8 8 5 3 
8 N/A 8 8 6 4 
9 N/A 6 6 6 4 
~= 
~u:rements taken at e1ev. 658 ft. 
Tailwater Elevation= 664 ft. 
Reservoir Elevation= 764 ft. 
Q = 45,000 cfs. 












Erosion - at end of north wingwall, but did not undermine; benching at 
both banks 
Waves - at bank 3-5 ft. 
at wingwall 10 ft. 
Jl..llp - end of bucket 
Vortices - Return flCM nostly on south wall (inside) and strong return 
on north bank. 
See Definition Sketch, Figure 80. 
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R:CKY MlJNI'AIN PROJEX:T 
I.CMER RESERVOIR MAIN SPII.J.WAY 
1:40 Scale Hydraulic Model 
Table 81. Tailrace Velocity Survey 
STATICN a b c d e 
0 -5 37 9 -6 7 
1 -4 25 11 3 -3 
2 8 22 12 7 -3 
3 9 18 16 10 -3 
4 8 15 13 8 3 
5 7 15 13 8 8 
6 8 14 11 6 5 
7 1 9 8 6 6 
8 N/A 6 9 6 6 
9 N/A 6 9 6 5 
~S: 
~surem:mts taken at elev. 659 ft. 
Tailwater Elevation= 667 ft. 
Reservoir Elevation = 769 ft. 
Q = 60,000 cfs. 
Splash - heavy, steady splash over both wingwalls 












Benching on both banks (except for heavier rock section) 
Deep undermining on north wingwall 
Waves - at bank 5 ft. 
at wingwall 10-12 ft. 
Junp - just off end of bucket 
Vortices - strong return flOW" inside both wingwalls, and along north 
bank. 
See Definition Sketch, Figure 80. 
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